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Introduction 



Minimally Invasive Total Hip 
and Knee Replacement 



Change is inevitable, but progress does not necessarily 
follow. We are currently witnessing two dramatic 
changes within the world of total hip and knee replace- 
ment. Minimally invasive surgical techniques have been 
popularized in the media and on the web and the effect 
has been to focus an increased interest in the preserva- 
tion and handling of the soft tissues during hip and knee 
replacement. Computer-assisted hip and knee replace- 
ment surgery has developed to the point where it can be 
seamlessly integrated into the operating room. Together 
these two changes - minimally invasive surgery and 
computer- assisted surgery - create an optimism that an 
evolution is underway towards a better and more func- 
tional total hip and total knee replacement operation. 
This book was assembled in an attempt to address this 
optimism. 

What is minimally invasive surgery of the hip and 
knee? As the reader peruses the chapters of this book, he 
will begin to understand that the concept of minimally 
invasive surgery is fluid and constantly changing. Most 
people agree that minimally invasive surgery should 
lessen the impact of the operation on the patients’ qual- 
ity of life and disruption of daily routine. How each 
individual surgeon chooses to achieve this goal varies 
quite considerably. Surgeons focus their efforts in vari- 
ous directions in order to minimize soft tissue and mus- 
cle trauma, skin incision length, and capsular disruption 
while trying to maintain the ultimate goal of a well- 
aligned, well fixed hip or knee replacement. This book 
was organized not only to give the reader an overview of 
current attitudes and approaches to minimally invasive 
surgery, but also to provide a discussion of the true val- 
ue of these new approaches. 

The first section of this book was designed to answer 
the question as to whether minimally invasive approach- 
es to hip and knee replacement were needed. The next 
several sections detail specific minimally invasive 
approaches to the hip and knee and also present a cor- 
porate perspective on minimally invasive surgery. Nei- 
ther specific surgical technique nor corporate philoso- 



phy is highlighted, but rather a compilation of expertise 
has been assembled for the reader to evaluate. Within 
the text of this book, many issues will be presented, 
some of which are incision length, single versus multiple 
incision, muscle sparing versus muscle splitting, in situ 
bone cuts versus dislocation of the joint, and intra- 
medullary versus extra-medullary instrumentation. As 
long as the judgement of time has not provided a single 
best solution the issue, there is a place for a variety of 
techniques, approaches, and opinions. Therefore, the 
editors invited those experts to contribute whose names 
are already associated with minimally invasive total 
joint surgery, and who are well known for their high lev- 
el of competence in the field. Although the role of navi- 
gation in minimally invasive arthroplasty is not well 
defined, there is a strong belief that the combination of 
minimally invasive surgery and computer- assisted sur- 
gery together may be the future, combining the princi- 
ples of high precision surgery with the advantages of 
soft tissue and muscle sparing surgical approaches. The 
diminished visualization in less invasive surgery may be 
compensated by the advantages and enhanced visualiza- 
tion provided by navigation. The final sections of the 
book provide perspectives on whether minimally inva- 
sive surgery is a winning concept and whether new 
instruments and new prosthetic designs are required. 
The ethics surrounding this phenomenon of minimally 
invasive surgery, and the issues of marketing and how 
such a new concept should be introduced to the ortho- 
pedic and lay population are discussed. Finally, the issue 
of teaching minimally invasive and computer- assisted 
surgery is explored. 

The primary purpose of this book was to assemble a 
comprehensive collection of current knowledge on min- 
imally invasive arthroplasty technique. As are the edi- 
tors, the authors comprise a global group of experts on 
minimally invasive and computer- assisted surgery of the 
hip and knee from North America, Europe and Australa- 
sia. Our goal was to include all important trends. We 
leave the task of formulating the individual approach to 
each reader. As long as the scientific evidence regarding 
definitive outcomes is lacking, and as long as some of 
these techniques are still in the early phases of develop- 
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ment, this book will claim only that it is a repository of 
information on minimally invasive surgery available to 
assist reconstructive surgeons in their decision-making 
for individual patients. This book has been assembled 
under a very tight time schedule in an attempt to pres- 
ent opinions, techniques, and results that are as current 
and up to date as possible. For this the editors are grate- 
ful to the authors who accepted this additional workload 
and completed this work in a timely fashion. 

Total hip and total knee arthroplasty will continue to 
evolve in directions previously thought not possible. The 
integration of computers into the operating room, the 
use of minimally invasive techniques, specific instru- 
ments and future developments in implant design will 
all change as part of this natural evolutionary process. It 



is important in this time of significant change that we 
maintain sight of the ultimate goal - that of safely 
improving patient’s quality of life with a procedure that 
already has well published excellent results. The poten- 
tial advances offered by minimally invasive surgery 
must be evaluated in a responsible manner, with appro- 
priately designed and performed studies and peer 
reviewed publications as the foundation stones upon 
which are built the next generation of total hip and knee 
replacements. 

March, 2004 W. J. Hozack, M. Krismer, 

M. Nogler, P. M. Bonutti, 
F. Rachbauer, J. L. Schaffer, 
W. J. Donnelly 
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Total joint replacement surgery has given many patients 
relief from joint pain as well as great improvement in 
their level of function. It has become one of the most suc- 
cessful and frequently performed orthopedic surgeries. 
Over the past few decades, it has evolved greatly due to 
improvements in materials, prosthetic joint designs and 
surgical techniques. A recent trend towards minimally 
invasive arthroscopic, laparoscopic and angioplastic sur- 
geries has triggered an interest in the development of 
minimally invasive total joint replacement surgical tech- 
niques. These surgical techniques are designed to allow a 
total joint replacement of the hip or knee through a 
smaller incision with potentially less tissue damage. Pro- 
ponents of minimally invasive surgery believe that these 
new techniques hold the promise of decreased tissue 
damage, blood loss and post-operative pain, as well as 
faster post-operative recovery, shortened length of stay 
and improved cosmetic results due to a smaller scar. 
Skeptics of these new techniques worry about the addi- 
tion of new risks to an already very successful surgery, 
poor visualization during the procedure, increased diffi- 
culty of the technique and a possible increase in opera- 
tive time [1], This chapter will discuss the effects mini- 
mally invasive total joint replacement surgery may have 
in the rehabilitation process and outcomes of patients 
undergoing total joint replacement surgery. 

Developments in Total Joint Replacement 



At the beginning of the 19th century, several surgical 
treatments of the painful hip were attempted, such as 
osteotomies and implantation of interpositioning mate- 
rials, including soft tissue, wood and gold foil. The first 



attempt at a total hip replacement was performed by 
Wiles in 1938. Charnley introduced the use of a metal 
femoral head and a high-density polyethylene, reporting 
a 96% success rate at 10-year follow-up in 1973 [2]. Cur- 
rently, total joint replacement surgery through the stan- 
dard posterolateral, lateral and anterior approaches is 
extremely successful. 

Total hip arthroplasties have increased from 80 000 
yearly procedures in 1976, to 125 000 in 1993 and approx- 
imately 250 000 currently [2, 3]. These numbers are 
expected to increase considerably as the “baby-boomer” 
generation reaches the age of peak incidence of debilitat- 
ing osteoarthritis. Individuals in this very physically 
active generation will also have very high expectations of 
their functional status after total joint replacement. Many 
of them will not be satisfied with short-distance ambula- 
tion and transfers, but instead will expect the ability to 
participate in more challenging physical and athletic 
activities. The challenge for prosthetic designers, ortho- 
pedic surgeons and rehabilitation specialists will consist 
of helping this generation achieve its goals. 

Not only have total joint replacement surgical tech- 
niques, prosthetic designs and materials improved great- 
ly over the past few decades, but the rehabilitation 
process has changed considerably as well. There has been 
a trend to initiate therapy and improve pain control, 
strength and ROM earlier in the rehabilitation process. 
The introduction of cemented prostheses allowed earlier 
weight-bearin g, sometimes as soon as the first or second 
post-operative day. A report from the Hospital for Special 
Surgery from 1990 to 2000 showed a trend to earlier 
achievement of functional milestones after total hip 
arthroplasty. In 1990, total-hip-arthroplasty patients 
were able to achieve unassisted transfers, walker ambu- 
lation and stair climbing in a mean of 7.7 days. By the 
year 2000, these goals were achieved in a mean of only 4.4 
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days. The length of stay was also reduced from a mean of 
9.7 days in 1990 to 5.3 days in 2000 [4]. Advocates of min- 
imally invasive joint replacement surgery purport that 
these less invasive surgical techniques will further short- 
en the time to achieve functional goals and length of stay. 

Principles of Joint Replacement 



The current principles of joint replacement consist of ear- 
ly pain control, mobilization, range of motion and func- 
tional training, including independent transfers, ambula- 
tion with gait aids, stair climbing and activities of daily liv- 
ing. Pain control is crucial not only for patient comfort, but 
also to ensure better participation and gains during ther- 
apy. Early mobilization and institution of range of motion 
exercises post-operatively are also essential. Range of 
motion is usually started immediately post-operatively 
and ambulation commences approximately 1 to 2 days 
post-operatively. Precautions must be maintained during 
the rehabilitation process, especially in hip arthroplasties 
to avoid dislocations due to capsular weakness from the 
necessary surgical disruption of the capsule. After poste- 
rior approaches, care must be taken to avoid hip hyper- 
flexion or internal rotation and after lateral approaches 
hip adduction and internal rotation must be avoided. 

One of the main goals of minimally invasive joint 
replacement surgery is to decrease the amount of surgi- 
cal trauma and tissue damage. Many different tech- 
niques and approaches have been described for both the 
hip and knee. During standard posterior approach to the 
hip, a long incision is made, the gluteus maximus is split 
along its fibers and the external rotators of the hip are 
detached from their femoral insertion [5]. Although 
many different minimally invasive posterior approaches 
have been described, the dissection of the gluteus max- 
imus is much smaller and not always are all the external 
rotators of the hip detached. The size of the incision is 
dependent mainly on the size of the acetabulum to be 
inserted through the incision [1, 6]. In the standard ante- 
rior approach the iliac origin of the tensor fascia lata 
and both heads of the rectus femoris, the direct and the 
reflected head, are detached from their origins [5]. Sev- 
eral different minimally invasive anterior approaches, 
involving one, two or three incisions, have been 
described. These approaches utilize the planes between 
the tensor fascia lata and the sartorious or between the 
tensor fascia lata and the rectus femoris, thus decreasing 



tissue damage [1, 7]. Once again, the size of the incision 
is determined by the space necessary to safely insert the 
acetabular component. During total knee arthroplasty, 
minimally invasive techniques strive to maintain the 
integrity of the extensor mechanism and the suprapatel- 
lar pouch, which are many times violated in the standard 
approach [8]. Preserving muscle integrity will be very 
important to the patient who hopes to continue to par- 
ticipate in high demand activities. By eliminating the 
need to recover the function of these muscles, the 
patient can more quickly progress to higher level reha- 
bilitation, such as proprioceptive and pylometric train- 
ing, with the goal of maintaining high-level function 
while muscularly controlling joint forces and potentially 
protecting these prosthesis from early wear and failure. 

Pain Management 



Minimizing tissue damage from surgical trauma has the 
potential effect of reducing post-operative pain which is 
also a major goal of the minimally invasive surgical pro- 
cedures, A decrease in pain levels can be expected with 
smaller skin-and soft-tissue incisions. A reduction in 
pain can positively affect rehabilitation at many different 
levels. Firstly, by reducing the amount of pain, the patient 
may be able to better participate in therapy, ensuring a 
decrease in missed sessions secondary to pain, as well 
better performance and attention during each session. By 
reducing the amount of medication necessary to control 
pain, the known side effects of pain medications, such as 
decreased alertness, sleepiness, nausea and constipation, 
among others, can be minimized. All these side effects 
can have a negative impact on the participation and 
gains during the rehabilitation of post-joint arthroplasty 
patients. Another deleterious effect of pain on the reha- 
bilitation process is weakness of the muscles surround- 
ing the affected joint secondary to pain inhibition. The 
weakness caused by pain inhibition not only affects func- 
tional gains due to weakness during functional activities, 
but also causes muscle imbalances across the joint. These 
muscle imbalances and weakness can result in altered 
biomechanics which can result in antalgic gait patterns. 
For example, pain inhibition of the quadriceps (especial- 
ly the vastus medialis) results in a quadriceps avoidance 
gait. This again results in altered biomechanics and neu- 
romuscular engrams which can be difficult to retrain or 
eliminate, even after the pain has disappeared. 
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Currently, to our knowledge, there are no published stud- 
ies that compare the level of pain between a standard and 
a minimally invasive joint-replacement surgery as one of 
the measured outcomes. Nevertheless, many surgeons 
anecdotally report decreased pain levels with minimally 
invasive techniques [1,3]. Although a reduction in pain is 
expected with the decrease of tissue trauma achieved 
with these procedures, further prospective randomized 
studies with pain levels as a major outcome measure will 
be helpful to further elucidate this issue. 

Joint Stability 



Another advantage of preservation of muscle tissue 
integrity during joint arthroplasty is to reduce the 
amount of mechanical derangement of the main joint 
movers and stabilizers. This should result in better 
preservation of strength, and biomechanical stability 
around the joint. By maintaining closer to normal bio- 
mechanics and joint stability, quicker achievement of 
functional milestones can be expected. During hip 
replacements, the capsular incision still has to be large 
enough to accept the acetabular component, and thus 
there is still a risk of dislocation through the capsular 
violation. For this reason, the usual precautions still must 
be maintained. Nevertheless, improved biomechanical 
stability due to better preserved stabilizing musculature 
may reduce the inherent risk of dislocation. On the other 
hand, component malposition has been correlated with 
an increased risk of dislocation. Skeptics of the minimal- 
ly invasive techniques worry about the increased difficul- 
ty in prosthetic positioning, the inability to eliminate 
osseous impingement and osteophytes and the inability 
to thoroughly assess stability due to decreased joint 
exposure. All these difficulties may result in component 
malposition, prosthetic joint instability or increased risk 
of dislocation [ 1 ] . However, Kennon et al. reported 28 dis- 
locations in 2132 patients (1%) during the first 6 months 
after total hip replacements done through a minimally 
invasive anterior approach which is no greater than the 
normally quoted 1-2% for the standard approaches [7]. 

Mobilization 



As discussed earlier, over the past decade, the number of 
days to achieve functional outcomes and to discharge has 



decreased significantly. Physical and occupational thera- 
py are started earlier and more aggressively. Discharges as 
early as 3 days post-operatively are not uncommon. Min- 
imally invasive total joint replacements are expected to 
reduce the amount of time needed to achieve functional 
milestones and thus reduce the length of stay. By decreas- 
ing tissue damage, post-operative pain and post-opera- 
tive weakness, this type of procedure promises a quicker 
rehabilitation process. Some advocates of minimally inva- 
sive surgery believe that patients may leave the hospital 
within 24 hours of the operation. Berger implemented an 
accelerated rehabilitation protocol for his patients after a 
minimally invasive two-incision approach. Patients were 
allowed to leave the same day or the day after surgery as 
long as they met the discharge criteria. The criteria 
required the patient to transfer in and out of bed from a 
standing position, transfer from a sitting to standing 
position, walk a minimum of 100 feet and ascend and 
descend a full flight of stairs. Out of 88 patients, 100% 
were discharged to home during the first 23 hours. 
Eighty-five percent were discharged the day of the sur- 
gery and 15% were discharged the next day [3]. The ben- 
efits of early discharge to home are obvious in terms of 
both cost effectiveness and patient satisfaction. This type 
of accelerated rehabilitation with early discharge to home 
requires attention to the patient’s home situation and 
well-coordinated services, especially in the older, single 
and medically complicated patient. 

The early mobilization that may be achieved by min- 
imally invasive procedures may also have a positive 
impact in other areas of rehabilitation. By facilitating ear- 
ly ambulation, common complications of inactivity such 
as muscle atrophy, neuromuscular and cardiovascular 
deconditioning, constipation, ileus, pneumonia, decubi- 
tus ulcers and deep venous thrombosis may be avoided. 

Complications 



Deep venous thrombosis is a relatively common compli- 
cation of total joint replacements with a prevalence quot- 
ed between 5% and 60%. This is felt to be secondary to 
local trauma of the vascular endothelium during surgery, 
potential hypercoagulable states after tissue trauma and 
venous stasis secondary to inactivity. Kennon et al. report 
a 0.8% incidence of clinically relevant thromboembolic 
disease in their series of 2132 minimally invasive total 
hip-arthroplasty surgeries through an anterior approach. 
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All their patients were prophylaxed with a 65 mg daily 
dose of aspirin. They believe that their low number of 
thromboembolic events are due to short operative times, 
avoidance of femoral vein retraction and improved limb 
positioning, achieved with their anterior approach [7]. It 
should be noted that in this series only clinically relevant 
thromoembolic events were reported, thus, non-clinical- 
ly relevant deep venous thrombosis were not looked for 
or reported. Even though, early mobilization is not 
enough to prevent deep venous thrombosis by itself, in 
combination with the usual prophylaxis, it may help 
reduce the incidence of this common complication. 



Conclusions 



Total joint replacement surgeries have evolved greatly 
over the past few decades, and minimally invasive tech- 
niques represent the newest development in this high- 
ly successful surgery. By reducing the initial trauma at 
the time of surgery the benefits include: less tissue 
damage, reduced pain, faster rehabilitation with earlier 
accomplishment of functional outcomes, decreased 
length of stay and possibly reduced complications 
resulting from immobilization. An ever increasing, more 
active and demanding patient population will be seek- 
ing these very promising techniques for both short- 
and long-term effects on function and quality of life. 
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Introduction 



A key goal of minimally invasive arthroplasty surgery is 
the concept that operative changes should translate into 
an overall improvement in the postoperative course of 
patients. That is, less surgical dissection in the operating 
room should lead to less post-operative pain, shorter 
length of hospital stay, less need for in-patient rehabili- 
tation and quicker return of functional status. These 
goals need to be achieved while maintaining, if not sur- 
passing, the low complication rate of current hip and 
knee arthroplasty surgery. These goals are certainly 
attractive to the patient and the surgeon. Furthermore, 
they are also attractive to hospitals constantly under 
pressure to expedite care without sacrificing quality. 
While the concept of minimally invasive surgery empha- 
sizes operative technique, it is truly a more inclusive 
concept that requires changes in anesthesia, pain man- 
agement and physical therapy to achieve its full poten- 
tial. It requires cooperation at several levels from the 
entire team of health professionals who will interact 
with the patient prior to, during and after the surgical 
procedure. Most of all, it requires a true commitment on 
the part of the patient to maximize results. 

Patient Expectations 



As with current arthroplasty surgery, a challenge of min- 
imally invasive surgery involves properly managing 
patient expectations. Many patients come to the first 
physician-patient encounter with unrealistic goals, 
often fueled by Internet and mass media hyperbole. 
Therefore, proper patient education is essential. Pre- 
operative classes that strive to disseminate realistic goals 



while also placating unrealistic fears easily address this. 
The expected post-operative course can be explained to 
the patient in a detailed fashion. Additionally, patients 
can be screened pre-operatively to address post-opera- 
tive disposition plans. This can be especially helpful for 
pre-screening potential sites for those patients who will 
likely require post-operative in-patient rehabilitation. 
The patient is also sent for a session of pre-operative 
physical therapy in which the post-operative rehabilita- 
tion exercises are explained. This all helps to involve 
patients in their post-operative care prior to surgery. 
These programs also help to create a mindset within 
patients that stresses their contribution to the overall 
success of the surgery. Such programs have proved help- 
ful for our traditional arthroplasty patients. The pro- 
grams are likely even more important with respect to 
minimally invasive surgery. While sparse, the available 
literature on minimally invasive arthroplasty certainly 
suggests that results are optimized in certain patient 
groups, specifically those with a body-mass index of less 
than 30. Therefore, it is important to temper the expec- 
tations of patients who may not fall within this group. 

Anesthesia Techniques 



The goal of anesthesia in hip- and knee-arthroplasty 
surgery is to provide adequate pain relief and muscle 
relaxation during the surgical procedure. Ideally, the 
type of anesthesia used should also minimize post-oper- 
ative nausea and confusion, both of which delay rehabil- 
itation efforts. Currently, regional anesthesia in the form 
of spinal anesthesia or selective nerve blocks (e.g., 
femoral nerve block, lumbar plexus block) comes closest 
to approaching these goals. Regional anesthesia also 
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avoids the potential pitfalls of general anesthesia in a 
patient population that tends to be elderly with multiple 
medical co-morbidities. The exact type of regional anes- 
thesia employed is generally dependent upon the 
expertise of the anesthesia staff involved. It has been our 
experience that spinal anesthesia works well for both 
hip- and knee-arthroplasty surgery. When used for hip- 
arthroplasty patients, spinal anesthesia has the potential 
to provide adequate analgesia for both the surgical pro- 
cedure and often for the immediate post-operative peri- 
od, especially when a longer acting agent is employed. 
When used for knee arthroplasty, the spinal anesthesia 
is complemented by the placement of an epidural 
catheter, since the post-operative pain experienced by 
knee-arthroplasty patients is usually more variable and 
often more substantial than that experienced by hip- 
arthroplasty patients. Patients are provided additional 
mild sedation during the surgical procedure as needed. 
It has been our experience that the muscle relaxation 
obtained using this anesthesia regimen is excellent and 
greatly facilitates the performance of the operative pro- 
cedure. This is especially important for minimally inva- 
sive surgery as tissues that are not relaxed can further 
minimize an already small surgical workspace. Non- 
relaxed tissues also tend to require more vigorous 
retraction, thereby increasing the risk of subsequent 
damage to the tissue. This tends to negate the proposed 
benefit of minimally invasive surgery in terms of mini- 
mizing muscle damage. 

Surgical Factors 



The actual surgical approaches to the hip and the knee 
are described elsewhere in this volume. However, it is 
nonetheless relevant here to highlight specific surgical 
practices. With regard to hip arthroplasty, it has been 
our experience that a direct anterolateral approach pro- 
vides an excellent surgical exposure. This is also true 
when this approach is used in a minimally invasive fash- 
ion. The importance of minimizing muscular trauma 
cannot be over-emphasized. Failure to do so results in 
greater post-operative pain, an increased risk of hetero- 
topic ossification and an increased risk of a post-opera- 
tive limp. Maintaining muscular integrity has always 
been a goal of arthroplasty surgery; however, it becomes 
one of the defining criteria in minimally invasive sur- 
gery. There is no point in attempting a minimally inva- 



sive procedure if a patienfs body habitus (e.g., obese 
patient, muscular patient) precludes doing such surgery 
at the risk of excessive tissue damage. The same argu- 
ment may be made with regard to minimally invasive 
knee arthroplasty. Another surgical practice worth men- 
tioning is that of minimizing eversion of the patella dur- 
ing knee arthroplasty. This decreases the amount of soft- 
tissue trauma done to the extensor mechanism during 
the surgery and thereby improves quadriceps function 
during post-operative rehabilitation. 

Other treatment practices deserve special mention- 
ing. At our institution we have long abandoned the use 
of surgical drains in knee arthroplasty. This has recently 
been reviewed by Esler et al. [2]), who found no efficacy 
for drain use in cemented knee arthroplasty. This recent 
study reaffirms the results of earlier studies in this 
regard [3, 4]. While this policy toward drain use may 
simply reflect surgeon preference with regard to tradi- 
tional arthroplasty, it becomes important in a practical 
sense in minimally invasive arthroplasty as the use of 
drains may hinder aggressive physical therapy and early 
mobilization and discharge (sometimes within 24 h). 
Also the more limited dissection of minimally invasive 
surgery with its subsequent less blood loss would seem 
to further minimize any benefit a surgical drain might 
provide. Along this line of thought, we also no longer 
emphasize the use of autologous blood for minimally 
invasive arthroplasty. This is in agreement with a recent 
study by Billote et al. [5] who showed that pre-operative 
autologous blood donation provided no obvious benefit 
to non-anemic hip-arthroplasty patients. No longer 
requiring autologous blood donation and transfusion 
provides a monetary benefit while also decreasing the 
burden to patients in terms of their pre-operative prepa- 
ration while avoiding transfusion risks. 

Pain Management 



The management of post-surgical pain in hip and knee 
arthroplasty is a key element in maximizing the benefits 
of minimally invasive surgery. It is obvious that early 
post- operative physical therapy as well as decreasing the 
length of post-operative hospitalization relies critically 
upon adequate post-operative analgesia. As mentioned 
previously, such analgesia must be obtained while mini- 
mizing post-operative confusion, hypotension and nau- 
sea. This often becomes a delicate balance. It has been 
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our experience that intravenous narcotics often tip this 
balance towards undesirable side effects, especially in 
elderly patients. Therefore, strategies have been imple- 
mented to become less dependent upon intravenous 
narcotics for analgesia. Some of these are employed pre- 
operatively. We have adopted the policy that patients on 
a significant narcotic medication regimen, when they 
are first seen in the office, will not be offered surgery 
until this regimen is appropriately minimized with the 
assistance of a pain-management specialist. Otherwise, 
these patients frequently have unmanageable post-oper- 
ative pain and cannot participate appropriately in their 
post-operative care. It is also essential for all patients in 
their pre-operative education to form realistic expecta- 
tions with regard to post-operative pain management. 
Pre-operatively, starting medications such as Bextra or 
Vioxx the night before surgery appears to assist in min- 
imizing post-operative pain and facilitating post-opera- 
tive rehabilitation. In terms of the surgery itself, the ben- 
efit of longer acting agents, such as Duramorph in the 
spinal anesthetic, has previously been discussed. 

Post-operatively, attempts have been made to rely 
more upon oral rather than intravenous narcotic med- 
ications for analgesia. Total knee arthroplasty patients 
are started on valdecoxib (Vioxx), a cyclooxygenase-2 
specific anti-inflammatory medication, post-operatively 
on the day of surgery. The benefit of valdecoxib in 
reducing the need for post-operative narcotic in total- 
knee-arthroplasty patients has been demonstrated in 
the literature [6]. A protocol employing oral controlled- 
release oxycodone (Oxycontin) has also been imple- 
mented for hip- and knee-arthroplasty patients. The use 
of oral controlled-release oxycodone has been demon- 
strated in the in-patient rehabilitation setting to 
improve pain relief, improve early functional range of 
motion and decrease the length of the in-patient stay in 
total knee arthroplasty patients [7]. These pain medica- 
tions are supplemented on an as well needed basis with 
oral immediate-release oxycodone, hydrocodone, 
codeine or propoxyphene. The analgesia obtained in 
most cases is excellent with minimal side effects. While 
these strategies have improved the care for all of our 
arthroplasty patients, we have seen the greatest effect 
upon our hip-replacement patients where the use of this 
pain-management regimen has often decreased the hos- 
pital stay by one day. Additionally, the pain control 
obtained is often sufficient enough for these patients to 
excel in their physical therapy such that they are dis- 



charged to home rather than to an in-patient-rehabilita- 
tion facility. This has been especially the case in patients 
treated with minimally invasive arthroplasty surgery. 

Physical Therapy 



While obviously emphasizing the importance of early 
patient mobilization, a further major purpose of imme- 
diate post-operative physical therapy is to help deter- 
mine patient disposition. It is the patient’s ability to ade- 
quately perform activities of daily living, along with 
appropriate support as needed, which determines 
whether a patient is discharged to home or to an in- 
patient-rehabilitation facility. The ultimate deciding fac- 
tor in this regard is patient safety. Given the increasing 
pressure to decrease the length of hospital stays, this 
decision towards patient disposition needs to be made 
relatively quickly in the post-operative period. There- 
fore, the physical-therapy and occupational-therapy reg- 
imens used at our institution have been tailored to expe- 
dite this decision process. These regimens for both tra- 
ditional arthroplasty and for minimally invasive 
arthroplasty are outlined in □ Tables 2.1 and 2.2. 
Emphasis is placed on attaining specific minimal goals 
in the hospital with the idea that more rigorous therapy 
will be accomplished in the ensuing weeks. While the 
early goals are somewhat minimal, the immediate post- 
operative regimen is nonetheless rigorous in the sense 
that no maximal goals are set and patients are encour- 
aged to advance forward with their rehabilitation as 
quickly as they are able. Active patient participation is 
essential. As mentioned previously, adequate analgesia 
without accompanying undesirable medication side 
effects is of the utmost importance in this regard. Stated 
specifically, a patient who cannot adequately participate 
in the first two physical therapy sessions because of 
pain, nausea or hypotension will likely be slated towards 
a disposition of in-patient rehabilitation. 

The need to expedite post-operative care for mini- 
mally invasive arthroplasty patients has led to a recon- 
sideration of certain prior care protocols that were used 
for traditional arthroplasty patients. Some of them are 
worth mentioning although not all of these changes were 
made specifically for minimally invasive surgery. At our 
institution, primary arthroplasty patients may bear 
weight as tolerated. This greatly facilitates the post-oper- 
ative physical therapy regimen for these patients. We 
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D Table 2.1. Physical/occupational therapy intervention for traditional total hip/knee replacement 


POD t 


POO 2 


POD 3 


PT Note prior level of functional 


AM: Initiate treatment either bedside or 


AM: Continued progression of mobi- 


Evaluation mobility 


In department gym based upon patient 


lization in department gym with 


Perform therapeutic exercise 


tolerance to being out of bed for at least 


emphasis on simulation of patient's 


program 


one hour on POD 1 


home environment 


Assess bed mobility, transfers. 


Perform full therapeutic exercise program 


Progression of stair training to include 


and ambulation 


Progress ambulation distance to patient 


negotiation of a full flight of stairs. 


Attempt short distance ambu- 


tolerance with standard walker 


Perform car transfers 


lation from bed to chair with 


Monitor vital signs throughout treatment 


Review of therapeutic exercise pro- 


standard walker 


Emphasize out of bed activity greater 


gram 


Monitor vital signs pre-, 


than 1 hour and progress patient's 


Initiate discharge plan pending 


during and post treatment 


mobilization as appropriate 


patient's level of independence with 


Establish aftercare recom- 
mendation and indication for 
Inpatient Rehabilitation vs. 
Home PT services upon 
discharge from hospital 




all of the above 




PM; Contin ued p rog ression of a m bu lati o n 


PM: {if indicated) Continued mobi- 




distance in patient room (i.e. >20 feet) 


lization with emphasis on achieving 




Consider use of crutches based on 


patient independence throughout all 




patient s gait pattern, balance, and com- 
fort level 

Continued performance of full therapeutic 
exercise program 


aspects of functional mobility 



OT N/A 

Evaluation 



Initiate evaluation either bedside or in 
department gym based upon prior 
patient tolerance to physical therapy 
Assess upper body strength for negotia- 
tion of ambulatory devices 
Begin to educate patient on possible 
effects of THA/TKA on function (Le, dres- 
sing, bathing, household management) 
Assess functional transfers to and from 
bed, commode/toilet and tub/shower 
stall depending on patient's home set-up 
Establish aftercare recommendation and 
indication for Inpatient Rehab vs. Home OT 
services upon discharge from hospital 
(confirmed with PT) 

Patient educated to and/or issued, 
depending on disposition plan, to lower 
extremity bathing and dressing adaptive 
equipment (long-handled readier, long- 
handled shoe horn, long -hand led sponge, 
leg lifter, and sock donner} 

Patient educated to and demonstrates 
use of durable medical equipment to 
enhance function during recovery 
(Le, tub seat and raised commode) 

Monitor vital signs pre-, during, and post- 
treatment 



Monitor progression of independ- 
ence with functional transfers to 
and from bed, commode/toilet, and 
tub/shower stall depending on 
patient's home set-up 
Monitor progression of independ- 
ence with lower extremity bathing 
and dressing via adaptive equipment 
Address patient and family con- 
cerns regarding rehabilitation 
placement and/or return to home 
Monitor vital signs throughout 
treatment 

Continued performance of func- 
tional tasks with emphasis on 
achieving independence through- 
out all aspects of daily living 
Initiate discharge plan pending 
patient's level of independence 
with ail of the above 



POD postoperative day, PT physical therapy, OT occupational therapy, THA total hip arthroplasty, TKA total knee arthroplasty 
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II Table 2.2. P hysica I/occupation a I intervention for minimally invasive total hip/knee replacement 



POD 1 


POD 2 


PT Evaluation AM: Note prior level of functional mobility 

Perform therapeutic exercise program 
Assess bed mobility transfers, and ambulation 
Monitor vital signs pre-, during, and post- treatment 
Attempt ambulation and progress distance to 
patient tolerance 

Consider use of crutches based on gait pattern, 
balance, and comfort level 

Establish aftercare recommendation and indication 
for Inpatient Rehab vs. Home PT services upon d/c 
from hospital 

Assess appropriateness for BID session based upon 
patient performance in AM in conjunction with deter- 
mination of home discharge 


AM: Initiate treatment either bedside or in department 
gym based on patient tolerance POD 1 
Monitor vital signs throughout treatment 
Perform full therapeutic exercise program 
Progress ambulation with crutches to household 
distances (i.e.150 ft) 

Attempt stair training with progression to nego- 
tiation of a full flight if indicated 
™ Pe rform car tra nsfe r 

Consider use of a single point cane based on gait 
Consider use of a single point cane based on gait 
pattern, balance, coordination, and comfort level 
Initiate discharge plan pending independent per- 
formance of all of the above 


PM. {if indicated! Continued progression of ambula- 
tion to patient tolerance. 

Perform full therapeutic exercise program 


PM. [if indicated) Continued mobilization with 
emphasis on achieving patient independence 
throughout all aspects of functional mobility 


OT Evaluation N/A 


Initiate evaluation either bedside or in department 
gym based on patient's tolerance to physical therapy 
POD 1 

Assess upper body strength for negotiation of ambula- 
tory devices 

Begin to educate patient on possible effects of 
THA/TKA on function (i.e. dressing, bathing, household 
management) 

Assess functional transfers to and from bed, com- 
mode/toilet, and tub/shower stall depending on 
patient's home set-up 

Establish aftercare recommendation and indication for 
Inpatient Rehab vs. Home OT services upon discharge 
from hospital (confirmed with PT) 

Patient educated to and/or issued, depending on dis- 
position plan, to lower extremity bathing and dressing 
adaptive equipment {long-handled reacher, long-han- 
dled shoe horn, long-handled sponge, leg lifter, and 
sock donner) 

Patient educated to and demonstrates use of durable 
medical equipment to enhance function during recov- 
ery (i.e. tub seat and raised commode) 

Address patient and family concerns regarding rehab 
placement and/or return to home 
Monitor vital signs pre-, during, and post treatment 
Initiate discharge plan pending patient's level of inde- 
pendence with all of the above 



POD post-operative day, PT physical therapy, OT occupational therapy, THA total hip arthroplasty, TKA total knee arthroplasty 




n 
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have also recently re-evaluated the need for post-opera- 
tive hip precautions. We recently performed a random- 
ized, prospective study involving 303 hip arthroplasties 
(265 patients) through an anterolateral approach [8]. 
Patients were randomized to a restricted group in which 
traditional hip precautions were employed or to an unre- 
stricted group in which minimal hip precautions were 
employed. Only one early hip dislocation occurred, and 
this involved a patient from the restricted group. Conse- 
quently, we now employ the minimal hip precaution pro- 
tocol for our hip-arthroplasty patients. The changes in 
the post-operative physical therapy regimen for mini- 
mally invasive surgery patients as compared with tradi- 
tional arthroplasty patients are shown in O Tables 2.1 
and 2.2. Overall, while not all of these changes were made 
specifically for minimally invasive surgery, they certain- 
ly have coincided nicely with the introduction of mini- 
mally invasive surgery at our institution. Taken as a 
whole these changes have simplified the post-operative 
course of our patients, thereby minimizing the disrup- 
tion of surgery to their lives. 

Medical Issues and Patient Selection 



There is little question that immediate post-operative 
progress in joint-arthroplasty patients is dependent upon 
pre-operative patient health. While perhaps not the main 
goal, it is nonetheless implied that one of the purposes of 
minimally invasive surgery is to decrease the post-oper- 
ative hospital stay as well as the need for in-patient post- 
operative rehabilitation. The logic employed is quite 
straightforward: less surgical dissection leads to less 
post-operative morbidity. This translates into less need 
for post-operative in-patient rehabilitation. Berger 
recently reported the results for 100 cases in which mini- 
mally invasive hip arthroplasty was performed [1], Sev- 
enty-five patients went home the day of surgery and none 
of the patients required in-patient rehabilitation. The 
average age of the patients was 55 years old and the aver- 
age weight was 176 lbs. It cannot be overlooked that this 
does not represent the usual arthroplasty patient popula- 
tion. However, arguments over the potential benefit of 
minimally invasive surgery need not to be relegated to 
the question of whether patients can go home within 24 
hours. The ability of a patient to go home within 24 hours 
of surgery probably has less to do with the actual surgery 
and more to do with post-operative pain management as 



well as the patient’s pre-operative medical condition. 
This honest appraisal cannot be overlooked when evalu- 
ating the results of minimally invasive surgery. Truthful- 
ly, most experienced surgeons can predict, to a relatively 
good degree, which of their patients will do well post- 
operatively in terms of going home after a short hospital 
stay. It makes little sense to preclude patients from the 
potential benefits of minimally invasive surgery simply 
because they do not fit a specific profile. 

This highlights the importance of patient selection 
for surgery. It has been thoroughly explained up to this 
point that minimally invasive surgery embraces a con- 
cept of patient care that goes well beyond the operating 
room to involve aggressive post-operative pain manage- 
ment and physical therapy. A significant number of 
arthroplasty patients simply may not fit the patient pro- 
file appropriate for this aggressive treatment philosophy. 
The usual limiting factors in this regard are age and 
medical co-morbidities. Nonetheless, such patients may 
benefit from the minimally invasive surgery protocol 
insofar as it can be safely applied. It can be argued that 
this patient group has been somewhat ignored in the 
debate over minimally invasive surgery simply because 
the overall results in this group pale in comparison to 
those results obtained in a younger, more medically fit 
group. This is only expected at a time when the results of 
minimally invasive surgery are being tested against 
those of traditional arthroplasty. Nonetheless, the phi- 
losophy at our institution has been to offer minimally 
invasive surgery to all appropriate arthroplasty patients. 
Of course, the aggressiveness of the post-operative care 
protocols is tailored to the individual patient. While cer- 
tain patients will never go home within 24 h of surgery 
and a number of them will still require in-patient reha- 
bilitation, it still seems that such patients benefit from 
minimally invasive surgery. Therefore, within reason, 
perhaps the greatest impediment to minimally invasive 
surgery is more dependent upon a patient’s body habi- 
tus than upon a patient’s pre-operative medical condi- 
tion. This of course assumes that the patient’s pre-oper- 
ative medical condition has been optimized prior to sur- 
gery. For those patients with considerable medical 
co-morbidities, it becomes important to minimize the 
actual surgical time. Therefore, for a given surgeon if the 
time to perform a minimally invasive arthroplasty sur- 
gery is significantly longer than that required for a tra- 
ditional arthroplasty surgery, it may be a better service 
for higher risk patients to perform the latter. 



12 



Part I ' Is There a Need for Minimally Invasive Approaches in Total Joint Arthroplasty? 



While known medical co-morbidities can be addressed 
pre-operatively, perhaps the medical co-morbidity of 
greatest concern post-operatively to hip- and knee- 
arthroplasty patients is that of deep venous thrombosis 
with its subsequent risk of pulmonary embolism. A large 
number of anticoagulation protocols have been applied 
in treating arthroplasty patients. We currently employ 
an anticoagulation regimen in which warfarin is given 
as a loading dose (usually 5-10 mg) on the day of sur- 
gery and then is dosed according to a sliding scale based 
upon laboratory values of the prothrombin time Inter- 
national Normalized Ratio (INR) obtained from inter- 
mittent blood draws. Patients are currently anticoagulat- 
ed for a total of 6 weeks post-operatively. This regimen 
has a long history of success at our institution. At the 
same time, it is recognized that other anticoagulation 
regimens may be used, usually based upon individual 
surgeon preference and experience. While the introduc- 
tion of low molecular weight heparin for anticoagula- 
tion is attractive in some ways (fewer blood draws), it is 
less attractive in other respects (need for injection, 
potentially higher risk of post-operative bleeding). The 
use of aspirin as an anticoagulant is simple and also has 
its proponents [9]. While the specific anticoagulation 
protocols chosen by orthopedic surgeons will likely con- 
tinue to vary, their use in patients treated with minimal- 
ly invasive surgery may prompt a re-evaluation of these 
protocols, just as it has prompted a re-evaluation of pre- 
vious physical therapy and pain-management protocols. 
Certainly, with the current emphasis on less invasive 
surgery and more rapid recovery, it is possible that the 
risk of thrombophlebitis will diminish and less aggres- 
sive regimens of anticoagulation, such as aspirin, will 
suffice. Ultimately, the anticoagulation protocols adopt- 
ed may rely more upon expediting patient care and less 
upon traditional preferences so long as the efficacy and 
safety of the overall treatment remains paramount. 

Discussion 



The purpose of this chapter has been to highlight many of 
the non-surgical aspects required to maximize the bene- 
fits of minimally invasive arthroplasty surgery. Overall, 
the advent of minimally invasive surgery has challenged 
several of the treatment protocols previously employed 
for traditional hip and knee arthroplasty. These changes 
have essentially been made to better expedite patient 



recovery and minimize the overall disruption of surgery 
to patients’ lives. All of this must be achieved while never 
compromising the current standard of patient safety. 

Minimally invasive surgery represents only the latest 
in a number of innovations with regard to arthroplasty 
surgery. What is clear is that joint arthroplasty as a whole 
encompasses several treatment regimens. This has been 
the main emphasis of this chapter. It is also clear that 
advances in one component of joint arthroplasty can be 
stifled if other components of arthroplasty fail to 
advance. Specifically, the benefits of operative advances 
made in minimally invasive arthroplasty surgery simply 
cannot be realized if appropriate changes do not occur 
with regard to pain management, pre-operative prepara- 
tion and physical therapy. Surgeons cannot simply con- 
centrate only on the advancements made in the operating 
room. To do so compromises the full potential benefit 
that minimally invasive arthroplasty surgery can offer to 
patients. Simply stated, minimally invasive arthroplasty 
surgery must be more than just a small incision. 
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Osteoarthritis (OA) is one of the leading causes of pain 
and disability in the Western World [1]. Over the last 40 
years, total hip replacement (THR) has become a suc- 
cessful and widely acclaimed procedure to treat hip 
arthritis and to restore functional status and quality of 
life [2], Due to extensive orthopedic research in 
improvements of prosthetic materials and design, fixa- 
tion techniques, implant-tissue interaction and process- 
optimizing, THR became a highly effective technology 
with durable long-term results, while being very cost- 
effective [3]. 

A variety of surgical approaches are in use for the 
performance of THR, including anterior, anterolateral, 
direct lateral, transtrochanteric, and posterior tech- 
niques [4-11]. These approaches are typically per- 
formed through incisions from 20-30 cm in length and 
an optimal exposure of acetabulum and proximal femur 
is guaranteed. Due to excellent results and very low com- 
plication rates, these approaches were not yet in need for 
improvement. 

Minimal invasive surgical techniques have been 
developed and used in orthopedic surgery for cruciate 
ligament repairs, unicondylar knee replacements and 
surgical fixation of fractures. Recently, minimally inva- 
sive techniques for THA (skin incision <10 cm) have 
sparked an increased interest among orthopedic sur- 
geons. The modifications include a single abbreviated 
incision for anterior or posterior approach and a two- 
incision technique for anterior approach via the 
femoral neck for cup placement and a posterior 
approach in the line of the femoral canal for femoral 
component insertion [12-19]. The premise is to reduce 
the trauma of surgery while maintaining the perceived 
high levels of safety, efficacy, and durability of the pro- 
cedure. 



Early results suggest quicker recovery, faster rehabilita- 
tion, improved function, better cosmetic appearance, 
higher patient satisfaction, and better resource utiliza- 
tion by reduced length of hospital stay and lowered 
costs; however, the patient groups in observation are 
still small [13-17, 20-22]. On the other hand, there are 
major concerns about new potential risks due to 
reduced visualization, resulting in implant malposi- 
tion, and poor fixation, resulting in compromised long- 
term results. The potential benefits of a smaller inci- 
sion need to be balanced against the added operative 
difficulty, possible new risks, and drawbacks of a new 
learning curve, associated with minimally invasive pro- 
cedures. 

To become adopted as a standard procedure, the new 
technique must pass the test of clinical safety, efficacy 
and durability. A definite answer can only arise from 
long-term studies. However, today there are no long- 
term data which compare the durability of hip arthro- 
plasty performed through a minimally invasive 
approach with conventional THR. 

Major variations in the THR rates per head of popu- 
lation can be observed between European countries, as 
well as variations in the peri-operative regimes used and 
costs incurred [23]. Evidence-based consensus on the 
indication for surgical treatment, the most appropriate 
surgical procedures, optimal peri-operative care regimes 
and rehabilitation protocols are lacking. This leads to 
huge variations and potential inequalities in care. Main 
reasons for this inhomogeneity are differences in the 
health-care systems, the reimbursement systems and the 
philosophy behind treatment protocols. Most European 
countries have a public health system allowing every- 
body, irrespective of his financial background, to receive 
a total hip replacement. However, in most countries, the 
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majority of patients has no option to choose between 
surgeons, operative techniques or implants. Only pri- 
vately insured patients might have the opportunity to 
select their surgeon. 

In the recent past, in most Western Europe nations 
the THR treatment process was dominated on the one 
hand by public health guidelines regulating time of sur- 
gery, numbers of procedures per clinic and year, length 
of hospital stay, and on the other hand by reimburse- 
ment unrelated to the implants used and to the fixation 
technique applied. Therefore, progressive reductions of 
length of stay or specializations in new but potential 
expensive techniques in the learning period, was not 
favorable for the hospital budget [24]. Only recently 
some countries have introduced DRGs (Diagnosis Relat- 
ed Groups), resulting in payment per procedure and 
stimulating early discharge from the hospital. However, 
a quality-related payment or reimbursement for the 
products used are still not in place. 

A comprehensive description of a European treat- 
ment and rehabilitation concept is impossible. Different 
health-care structures and reimbursement systems but 
also different philosophies, national traditions, cultural 
differences and marketing activities of the industry have 
a strong influence on the practice pattern. A descriptive 
analysis of the THRs implanted is only available in the 
Scandinavian national registers, some regional THR reg- 
isters in the UK and some further central European 
countries [3, 25-28]. There is a huge variety of implant 
systems available on the market. While in some coun- 
tries about 80% of all operations are performed using 1 
to 5 types of prostheses [29], it is assumed that 120-170 
different types of total hip replacements are in use in 
some of the other countries [30]. 

In the first three decades of THR operations 
mechanical loosening and extensive bone losses were 
the major challenges for the long term success. Substan- 
tial changes in implant fixation increased the durability 
of femoral and acetabular components. Newer cement- 
ing techniques on the femoral side including the use of 
a medullary plug, a cement gun, lavage of the canal, 
pressurization, centralization of the stem, and reduc- 
tion in porosity in the cement allowed to reduce stress- 
es in the materials and improved strength of the inter- 
faces with increasing survival rates up to 95% after ten 
years [31, 32]. 

Cementless components rely on bone ingrowth into 
porous or onto roughened surfaces; additionally, several 



types of calcium phosphate ceramics (often called 
hydroxylapatite) have been added as coatings to THR 
surfaces to enhance fixation of non-ingrowth implants 
to bone [33-35]. Selected cementless femoral compo- 
nents have exhibited clinical success similar to that of 
cemented components installed with the newer cement- 
ing techniques [36, 37]; however, so far the follow-up is 
much shorter. 

On the acetabular side, the cementless components 
have demonstrated less long-term aseptic loosening 
compared with the cemented components. Since most 
prospective and retrospective studies have focused only 
on specific device designs and techniques, any general 
comparison of cemented and non-cemented systems 
should be viewed with caution [38-40]. 

There are major differences between countries in 
regard to the philosophy of implant fixation. While in 
some countries most THRs are implanted without 
cement (e.g. Austria 85-90%) [41], in others uncement- 
ed THRs are uncommon (Norway 14% [42], Sweden 5% 
[29]). In most countries the decision for an uncemented 
THR is based on the age and the bone quality. Based on 
own evaluations, the estimated rates for cemented THR 
in Europe are 30-50%, for hybrid THR 10-30%, and for 
cementless THR 20-40%. 

Device design and fixation technique have to guar- 
antee load transfer between pelvic bone and femur. Two 
aspects are important: 

1. The contact area between implant and corticalis has 

to be as large as possible to avoid load peaks, 

2. the point of load transfer should be very proximal 

to reduce bone atrophy due to inactivity. 

Today, the standard design for femoral components 
consist of stem fixation and diaphyseal load transfer 
[43, 44]. However, recently hip resurfacing has a renais- 
sance and short-stem femoral components are more 
often in use [45]; so far, due to lack of durable long- 
term results its use is primarily restricted to some 
centers. 

The main problem in THR unrelated to implant 
design is aseptic loosening. Most published results are 
based on single types of prostheses and expert surgeons. 
In the Swedish THR register some 160 000 cases have 
been recorded nationwide over the past 20 years. The 
rate of revisions in this register is low (7.1%) for the 
cemented group, but considerably higher in the unce- 
mented group (13%). 
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In revision cases of the femoral component the 
approach is based primarily on the nature of the 
remaining bone stock in the proximal femur. In addi- 
tion, clinical judgment usually takes into account the age 
and functional demands of the patient. In most cases 
revision of the femoral component is possible with a 
cemented stem. However, when there is substantial 
residual bone stock, non-cemented long-stem high- 
modular implants, particularly the extensively coated 
components, are also in use [46-49]. Morselized bone is 
used in addition to fill defects in the femoral canal or 
proximal femur. 

On the acetabular site, revision strategies depend 
on the acetabular component, and the presence of ade- 
quate bone stock [50, 51]. All types of implants and 
fixations are in use, often in combination with bone 
cement, morselized or structural bone graft augmenta- 
tion [52, 53]. 

Wear and third-body reaction are still major areas of 
concern because of resulting implant loosening and fail- 
ure [54, 55]. In the past, metal to polyethylene articula- 
tions have caused catastrophic osteolysis and failure of 
hip arthroplasties [56, 57]. Newer articulating compo- 
nents (e.g. metal/metal, ceramic/ceramic, ceramic/high- 
cross-linked polyethylene) are mainly in use with small- 
er particle sizes and lower wear rates. The decision for 
different articulation components is on the patient site 
primarily based on age and demanded and/or expected 
mobility. 

Since length of acute hospital stay has become short- 
er in the past years, more emphasis is needed to deter- 
mine the role of preadmission educational programs, as 
well as appropriate physical therapy and rehabilitation 
during hospitalization and following discharge. 

Post-operative in- or outpatient rehabilitation pro- 
grams and home-health programs are in use European- 
wide. They are directed to an early mobilization, gait and 
balance training as well as muscular restoration. In addi- 
tion, self-care training and psychological assistance is 
offered. According to own unpublished evaluations and 
other sources [30, 41], major regional and cultural differ- 
ences exist. While in the German- speaking countries the 
majority of THR patients are discharged to inpatient 
rehabilitation hospitals for 3-4 weeks, in most of the oth- 
er health-care systems a combination of in- and outpa- 
tient rehabilitation is in use. Inpatient programs seem to 
be more effective than prolonged hospitalization or out- 
patient rehabilitation [58]; however, some believe that 



appropriate home training is at least as good [59]. While 
the positive influence of a rehabilitation program on 
short- and mid-term results is proven, the long-term ben- 
efits of prolonged therapeutic exercise program for 
patients who have undergone THR have not been clearly 
demonstrated to improve mobility or hip stability. There 
is evidence that hip weakness persists up to 2 years after 
surgery in the presence of a normal gait. Multiple studies 
have demonstrated that weakness in the lower extremities 
is a major risk factor for falls and resulting fractures in the 
geriatric age group, thus for these patients an extensive 
rehabilitation seems to be an effective prevention. 

Most health-care systems in Europe guarantee easy 
access to THR for all their people in all regions. The 
majority of procedures are performed in regional hospi- 
tals with 50-300 THR per year and 5-10 orthopedic sur- 
geons; specialized centers with 500-1000 THR or more 
per year are rare. With demographic changes and more 
people in the older age groups the number of hip 
replacements needed will increase. So far, no agreed 
indication or appropriateness criteria exist that would 
allow to analyze over- or under-treatment in certain 
areas and to adjust the appropriate resources. 

In regard to introduction of minimally invasive tech- 
niques in THR and especially following widespread use, 
drawbacks of a new learning curve can be expected. All 
surgeons who are currently performing the new tech- 
niques pointed out that these belong into hands of expe- 
rienced surgeons. Only centers with a high surgical vol- 
ume can reach the appropriate steady state of the learn- 
ing curve in a short time. A rapid widespread 
introduction of minimally invasive approaches might 
hamper the overall public health due to inappropriate 
training and inferior results of the less experienced sur- 
geons. For the near future, most hospitals will have to 
continue with the conventional approaches guarantee- 
ing the long-term success rates of total hip replacements 
and providing high-quality care to their patients. 
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Introduction 



The concept of minimally invasive surgery in ortho- 
pedics is not new, and has lead to the whole field of 
arthroscopic surgery, microdiscectomy in spinal sur- 
gery and minimally invasive uni-compartment knee 
replacement, just to name a few. The idea behind the 
concept is to minimize the surgical trauma and hence 
speed the recovery. In hip replacement one of the 
most confounding problems making minimally inva- 
sive surgery difficult is the size and shape of the 
implants and the long-held traditional view that these 
can only be inserted via a single large incision giving 
full exposure to both the acetabulum and the proxi- 
mal femur. 

The drive for minimally invasive surgery, both for 
the knee and the hip, is early discharge from hospital. 
Richard Berger’s initial claims of day-stay hip replace- 
ment galvanized surgeons into an immediate frenzy of 
interest, but few have been able to consistently repro- 
duce his results. Day-stay surgery is possible for uni- 
compartmental knee replacement and total hip replace- 
ment, but not without significant medical, social and 
physical therapy back-up to ensure safety. Pain relief in 
these circumstances is achieved via use of local anes- 
thetic, pain pumps and significant doses of opiates. Is 
this concept of same day discharge that important, 
when one or two days as an in-patient means that the 
patient is more comfortable and not requiring opiates, 
has had the post-operative therapy and teaching 
required and feels confident about his mobilization. The 
drive should be to improve early rehabilitation rate and, 
above all, to do no harm. 



Patient Selection 



Patients suitable for minimally invasive surgery select 
themselves, as by definition they want early discharge 
and rapid recovery. This is usually with a view towards 
an earlier gain of independence and ability to return to 
work. 

Patients with high BMI and thick subcutaneous adi- 
pose layers tend to make surgery through small inci- 
sions very difficult, hence the technique is more suitable 
for slim patients. 

Mini-incision surgery can be utilized for the inser- 
tion of any choice of implant, except resurfacing arthro- 
plasty. This includes cemented implants. Two-incision 
surgery, at present, can only be performed using 
cementless implants, therefore the anatomy of the hip, 
that is, acetabular and femoral bone stock, should be 
considered in terms of patient selection. 

Education/Expectation 



Because of the direct access the public has to developing 
technology via Internet and lay press, more patients are 
expecting and demanding mini-incision surgery. This is 
on the basis of very limited scientific evidence to back 
up its efficacy and safety. Initial patient selection 
involved priming them for early discharge and very 
much instilling the expectation of early mobilization, in 
Richard Berger’s series. Included in this were aggressive 
pre-operative rehabilitation and therapy teaching and a 
program that differed from conventional hip-replace- 
ment patients. 
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We as surgeons are now faced with the increasing 
demand for these techniques from our patients with 
every reason from cosmesis to “If it is new it must be 
better”. To meet this demand, it is important for us to 
familiarize ourselves with these techniques as thor- 
oughly as possible. Most companies offering instru- 
ments and methodology of minimally invasive surgery 
usually provide surgeons with teaching programs, 
including cadaveric workshops and mentoring pro- 
grams to help surgeons familiarize themselves with the 
techniques. 

Skepticism is building among surgeons based upon 
what appears to be significant complications, and the 
inability to reproduce early single surgical results, and 
that patients given the expectation of early discharge, 
even with standard approaches, can achieve this. Mini- 
incision surgery is clearly a cosmetic procedure in that 
the deep dissection is very similar to that performed 
with a standard-size skin incision; two-incision surgery 
may be “muscle sparing”, but the procedure is usually 
prolonged and technically more difficult than mini- or 
standard surgery. 

The Study 



Because of all these questions related to minimally inva- 
sive surgery, we devised a randomized prospective study 
to compare a conventional posterior approach, a mini- 
posterior approach and a two-incision approach. Para- 
meters compared included operative time, blood loss, 
hospital stay, complications, early functional return, 
then radiographic analysis of implant position and, in 
the future, radiographic interfaces and longevity. 

Patients were selected on the basis of being suitable 
for minimally invasive surgery and cementless implants 
(□Table 4.1). Randomization occurred after the anes- 
thetic, and blinding to some degree was achieved by 
placing a large occlusive dressing over the proximal 
thigh and buttock, hiding the wounds. This was left 
undisturbed for 48 h. 

Post-Operative Education and Rehabilitation 



The study is a randomized prospective study with full- 
patient informed consent and ethics approval achieved. 
Patients, once enrolled, were seen by a physiotherapist 



B Ta ble 4.1 . Ra ndom ized prospective stu dy com pari ng con 
ventional posterior approach, mini-posterior approach and 
two-incision approach 
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pre-operatively and the post-operative rehabilitation 
program reviewed. 

Patients are started on their rehabilitation program 
as soon as muscle control returns after the spinal anes- 
thetic, usually 4-6 h after surgery. 

Initial bed exercises including knee flexion, hip flex- 
ion and abduction, followed by independent transfers 
and ability to walk independently are recorded in terms 
of time, distance and angle depending on the activity. 
One difficulty encountered with therapists early in the 
study was the inherent prejudice which restricted them 
from pushing patients too hard post-operatively and the 
first day after surgery. This was often awkward with IV 
lines and catheters in situ. Another problem was the pos- 
tural hypotension that occurred in most patients for the 
first 24 h post-operatively. 

Patients were judged fit for discharge when they 
were able to transfer independently, walk at least 100 m, 
climb stairs, shower and toilet independently, and felt 
confident that they could manage at home. 

In the Australasian health system there is not the 
same compunction existing to discharge patients by a 
certain time after surgery. In New Zealand, the average 
stay after joint replacement in the public sector is 7 days, 
while in the private system the average is just over 5 
days. Patients in the study were enrolled because they 
wanted early discharge and rehabilitation and did not 
have the expectation of a certain stay in hospital. 

Patients were clinically scored using HHS, also 
WOMAC and SF-12 Physical and Mental scores were 
generated. One of the difficulties faced was the lack of an 
early mobilization or early post- operative functional 
scoring system, so patients were timed until certain 
goals were reached. 
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Importantly, patients were not aware of which procedure 
was going to be performed, and they were all given the 
same expectation of early mobilization and discharge. 
However, this was not the expectation of same day dis- 
charge. 

Patients were assessed daily as in-patients, at 10 
days, 6 weeks, 3 months and 1 year. Plain radiographs are 
performed post-operatively, at 6 weeks, then 3 months 
and yearly. At 6 weeks a spiral CT scan is performed of 
the hip to determine implant positioning and post-oper- 
ative leg-length discrepancy. 

Results 



Recruitment continues, but the preliminary results 
indicate that two-incision surgery is superior in terms 
of early return of muscle function and on average 
faster discharge from hospital (O Table 4.2). Two-inci- 
sion patients spent on average just less than 3 days 
including the day of surgery. No patient was dis- 
charged still requiring opiates for pain control. Opera- 
tive time was however longer in the two-incision group 
although blood loss was similar ( □ Table 4.3). Pain 
scores and HHS scores converge, so that by 3 months 
there is little difference between the groups (Q Tables 
4.4 and 4.5). 

Radiographic review showed a trend towards 
increased acetabular anteversion and abduction as the 
incision size was reduced and interestingly the patient 
who dislocated, did so anteriorly and has a measured 
anteversion angle of 42° on the acetabular side. The 
patient had a closed reduction and has not gone on to 
re-dislocate to date. The ability to gauge leg length 
appeared to be more accurate with the two-incision 
technique. 

Discussion 



As surgeons, we should always consider the welfare of 
our patients first, and therefore make sure that a new 
technique being introduced is for the right reasons. It 
appears that two-incision surgery does have some bene- 
fit in terms of earlier return of function, but more expe- 
rience is needed in order to be able to judge it fairly 
against established techniques. There is a significant 
learning curve as with any new technique, and compli- 



cation rates should be audited to determine the overall 
safety of the procedure. 

My own view is that same-day discharge after sur- 
gery does not really achieve anything except giving 
insurance carriers false expectations of being able to 
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O Table 43. Study results 
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curtail costs associated with joint-replacement surgery 
even further. Intensive and aggressive back-up by 
health-care professionals is required, and whether it has 
any long-term benefit or risk in terms of outcome, has 
yet to be proven. 

There is no doubt that more rapid rehabilitation is 
a realistic goal, achieved by a combination of muscle- 
sparing surgical techniques and more aggressive pre- 
and post-operative therapy. By enhancing patient 
expectations, we have now been able to shorten hospi- 
tal stay following joint replacement significantly. Thirty 
years ago, in-patient care often stretched to 3 weeks or 
more, whereas today approximately 5 days is the aver- 
age. If by using muscle-sparing techniques we can 
reduce hospital stay to 1 to 3 days, cosmetically improve 
the outcome with smaller incisions and shorten the 
period of recovery and return to function, then this is a 
reasonable aim. This can be achieved if there is no 
increase in complications and our accuracy of implant 
positioning can be maintained along with implant sur- 
vival. 



Conclusions 



Patient expectation of a procedure plays an important 
role in determining outcomes. In total hip replacement, 
pre-operative teaching including engendering in 
patients the expectation of early discharge certainly 
has a significant effect. Reducing the size of the skin 
incision reinforces this expectation by making patients 
think of it as less of a procedure. From my own experi- 
ence and data which is now appearing in our study, 
two-incision surgery has an advantage over simply 
smaller incision surgery or standard approaches. The 
explanation for this is not clear as H technically speaking, 
two-incision surgery is a significant challenge com- 
pared to familiar and conventional approaches. It is like- 
ly to be multifactorial including in-situ neck section, use 
of intermuscular plains and minimizing muscle release, 
and not placing the leg in extremes of position or 
aggressively mobilizing the femur by soft tissue release. 
Computer navigation in hip replacement offers a sig- 
nificant advantage by giving confidence normally only 
achieved by full surgical exposure and visualization, 
and in my view, is how two incision and mini-incision 
surgery will evolve into safer and more accessible pro- 
cedures in the future. 
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0 "I think the exposure of the acetabulum never gets any- 
thing like mine and there have been catastrophic results 
on the femur ... I absolutely am opposed to its use by 
beginners but even with experts it is nothing like as good 
as the lateral exposure." (Professor Sir John Charnley, per- 
sonal correspondence in reference to the Hardinge 
approach to Richard HI. Rothman) 

In 1982 Hardinge published a new surgical approach to 
total hip arthroplasty [1]. The benefit of this new 
approach was that it offered improved conditions for 
implant orientation as well as the correction of leg- 
length discrepancy. It also avoided the pitfalls of 
trochanteric osteotomy with its inherent risk of non- 
union and wire breakage. Technically, the approach was 
challenged as providing only limited surgical visualiza- 
tion while damaging the nerve supply to the hip abduc- 
tors as well as placing other neurovascular structures at 
risk. These criticisms were countered by well-performed 
studies in the orthopedic literature which established 
the utility of the approach [2-5]. Despite initial strong 
criticisms, the Hardinge surgical approach to total hip 
arthroplasty - and various modifications thereof - has 
certainly withstood the test of time and is now used rou- 
tinely for both primary and revision hip arthroplasty. 

Today minimally invasive hip arthroplasty is being 
promoted as a new surgical approach to total hip arthro- 
plasty. Again criticisms of this approach revolve around 
poor surgical visualization with all of its inherent risks. 
The comparison to the introduction of past surgical 
approaches such as that of Hardinge is both a good one 
and yet at the same time a poor one. Like previous sur- 
gical approaches, minimally invasive hip surgery should 
be judged in terms of the usual standards of hip arthro- 



plasty: component positioning, dislocation risk, infec- 
tion rate etc. Unlike its predecessors, this new surgical 
approach does not attempt to address some specific sur- 
gical shortcoming such as trochanteric non-union or 
acetabular cup mal-position. Rather the promotion of 
this technique has revolved around cosmesis and post- 
operative expediency: shorter hospital stay, less pain, 
less in-patient rehabilitation, quicker return to function. 
This is not to say that such goals are poor ones, since all 
surgeons would promote these benefits for their 
patients. However, these ends do not justify the means of 
a new surgical approach if it introduces new problems 
which are more significant than those encountered with 
established surgical approaches. 

So far there are little peer-reviewed published data 
regarding minimally invasive hip arthroplasty, particu- 
larly when compared with its level of advertisement. The 
published data available would seem to fall on the side of 
the minimalists. Berger has recently published his 
results utilizing a two-incision minimally invasive tech- 
nique [6]. His study involved 100 cases in which the 
average patient age was 55 and the average weight was 
176 lbs. All of the patients were discharged to home with 
75 patients going home the day of surgery. The compli- 
cation rate was 1% due to one proximal femoral fracture. 
Radiographic analysis was performed on the first 30 
patients and showed 91% of the femoral stems to be in 
neutral alignment and the average abduction angle of 
the acetabular component to be 45°. Wenz published 
data on a series of 124 minimally invasive hip-arthro- 
plasty cases [7]. The approach used involved a modified 
posterior approach utilizing a single incision. The oper- 
ation was performed more quickly and with less blood 
loss when compared with the traditional direct lateral 
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approach. The rates of intra-operative and post-opera- 
tive complications were comparable. The length of hos- 
pital stay was also comparable, although the minimally 
invasive surgery patients seemed to do better with their 
post-operative physical therapy. A higher percentage of 
these patients were also discharged to home. 

Studies such as these are quite suggestive but lack 
the power of a randomized controlled study. In addition, 
anecdotal non-published data has not always been so 
supportive. To an outsider this would all seem to appear 
like the often-repeated cycle of some new idea, strug- 
gling to break into an established field. And this is cer- 
tainly true. However, some relevant background infor- 
mation is needed to clarify this struggle. 

Fixing What is not Broken 



As with nearly anything touted as an innovation in hip 
arthroplasty, minimally invasive surgery faces an uphill 
battle for acceptance. The reason for this is that it must 
equal or outperform the current impressive standards of 
total hip arthroplasty. Total hip arthroplasty is currently 
one of the most successful of all surgeries performed. A 
recent review [8] has reinforced the low incidence of 
peri-operative complications encountered in the 
Medicare population with this surgery (1.0% mortality, 
0.9% pulmonary embolus, 0.2% wound infection, 3.1% 
dislocation). Despite the success of innovations such as 
the use of cementless components, the fact remains that 
cemented Charnley prostheses have demonstrated 
excellent survival rates out to 20 years [9]. Such results 
are at once extremely satisfying to the orthopedist in 
terms of providing confidence in what can be offered to 
patients. These results are at the same time somewhat 
frustrating to those who wish to put forth what is felt to 
be a true innovation. All of this is further complicated in 
that it often takes 5-, 10- and 15-years follow-up to ade- 
quately judge the success or failure of any change. 

Therefore, any potential innovation in hip arthro- 
plasty is accompanied by a substantial risk. This risk is 
balanced by the potential benefit of the innovation. In 
the case of the Hardinge approach, any hip surgeon who 
has fought with the problem of trochanteric non-union 
can appreciate the benefit of this approach. A similar 
argument for minimally invasive hip replacement, in 
terms of correcting particular surgical shortcomings, 
cannot yet be made. While the goals of minimally inva- 



sive surgery are clear (i.e., better cosmesis and quicker 
post-operative recovery), the attainment of these goals is 
less clear. It can be argued that the patient population 
presented by Berger in his report of his two-incision 
technique is not the typical patient population for total 
hip arthroplasty. While the goals of minimally invasive 
surgery were achieved in this study, these results may 
not translate so well to those achieved with a more typ- 
ical elderly-patient population encumbered by their 
usual medical co-morbidities. Therefore, even if the risk 
of the operation remained constant, the benefits of the 
surgery likely do not. Compounding the difficulty in 
judging the effectiveness of minimally invasive surgery 
in achieving its stated goals is the undeniable fact that 
several of these goals are influenced by other disciplines. 
As an example, improved pain-management techniques 
may contribute significantly to the successes which are 
often credited to minimally invasive surgery alone. 

Revolutionary? 



In many respects the concept of minimally invasive total 
hip arthroplasty is hardly revolutionary. It makes no 
pretences towards improving prosthesis fixation or 
decreasing osteolysis. It contributes nothing towards 
solving one of the greatest problems in the field; that is, 
providing younger patients with a lifelong prosthesis. 
Nonetheless, it is a revolutionary concept in other 
respects. Today's hip arthroplasty patients have benefit- 
ed significantly from decades of bio-engineering 
advances; however, the topics of wear rate, free-radical 
polymerization and alumina-grain size are rather mun- 
dane to the general public. What patients do understand 
and find revolutionary are promises of shorter hospital 
stays, less need for in-patient rehabilitation and a quick- 
er return to their daily activities. Understandably, the 
public excitement over minimally invasive total hip 
arthropolasty has been tremendous. 

Unfortunately, this excitement is often mixed with 
misinformation. One by-product of the promises of 23- 
h-hospital stays with a discharge to home has been a 
lessening of the perception of total hip arthroplasty as 
major surgery. Another very common misperception is 
the universality of minimally invasive surgery. Most 
physicians would agree that the minimally invasive 
approach becomes tenuous with obese patients. The 
responsibility falls upon the physician to properly edu- 



Chapter 5 ■ Principles and History of Total Hip Arthroplasty 



27 



5 



cate patients and temper their expectations with regard 
to minimally invasive surgery. Surgeons must also 
remind themselves that the usual medical risks of total 
hip arthroplasty, such as post-operative myocardial 
infarction or venous thromboembolism, do not evapo- 
rate simply because a patient goes home after 23 h. 

Finally, for minimally invasive arthroplasty to truly 
revolutionize the field of hip replacement it must be 
broadly applicable. That is, any well-trained orthopedic 
surgeon specializing in joint replacement should be able to 
competently perform the procedure. In a practical sense, 
anything short of this makes minimally invasive surgery 
more of a dream than a reality for the average patient. 

Judging Minimally Invasive Hip Arthroplasty 



Although it promises new advances with regard to 
improved cosmesis and post-operative expediency, mini- 
mally invasive hip replacement must be ultimately judged 
by the same criteria as have previous surgical exposures. 
These criteria are nothing more than the classic surgical 
principles of obtaining good visualization, treating tis- 
sues in a gentle and atraumatic fashion, avoiding damage 
to nerves and blood vessels, obtaining absolute hemosta- 
sis and performing the surgery in a swift and efficient 
manner. The achievement of these principles translates 
into measurable parameters, such as correct component 
position which minimizes the risk of dislocation. Atrau- 
matic treatment of tissues decreases the risks of infection, 
heterotopic ossification and postoperative limp. Current- 
ly, at our institution we use a lateral Hardinge-type surgi- 
cal approach for hip arthroplasty. The operation can be 
performed efficiently with an average operative time of 
45 min. Adherence to the surgical principles just 
described have led to good results with minimal compli- 
cations: 0.4% neurovascular injury, 0.2% dislocation rate, 
0.4% infection rate. It is not obvious that minimally inva- 
sive hip arthroplasty presents any particular advantage in 
achieving any of these surgical goals. Using the minimal- 
ly invasive approach, good visualization of the acetabu- 
lum is more difficult to achieve, thereby increasing the 
risk of poor component positioning. Because of the small- 
er working space, great care must be taken to not trauma- 
tize soft tissues by vigorous retraction. Care needs to be 
taken in reaming the acetabulum and broaching the 
femur in order to insure that the skin edges of the incision 
are not damaged. Repeated contact of surgical instru- 



ments with damaged skin edges during these procedures 
risks pulling skin flora into the operative wound. 

These obvious increased risks have not simply been 
ignored in minimally invasive surgery. The two -incision 
approach incorporates the use of fluoroscopy to compen- 
sate for visual deficits in placing the acetabular compo- 
nent. With this technique, Berger has reported good 
results with component placement [6]. Others are trying 
to take advantage of the emerging technology of comput- 
er navigation in a similar way to improve the more limit- 
ed visualization inherent in minimally invasive surgery. 
Specifically, DiGioia et al. [10] reported on 33 mini-inci- 
sion cases in which computer navigation was employed. 
They found no difference in the acetabular cup alignment 
in the mini-incision technique compared with that ob- 
tained using a traditional posterior approach. Overall, the 
cup alignment for both groups was within 5° of the pre- 
operatively planned alignment of 45° of abduction and 
20° of flexion. While the use of additional technology may 
allow for the maintenance of good component placement, 
it is not clear that similar advantages are obtained in min- 
imizing neurovascular injury. Also it is important to 
appreciate that good cup placement can still be obtained 
even if poor techniques of acetabular reaming are done. 
For example, an acetabulum can be over-reamed with 
significant damage done to the anterior or posterior col- 
umn, although the radiographic appearance of the cup 
placement may be excellent. At the time of revision sur- 
gery this can become a major problem which could have 
been easily avoided during the primary procedure. 

Other modifications introduced for minimally inva- 
sive hip replacement have also included the introduction 
of new instrumentation which is meant to facilitate the 
procedure and minimize the risks of soft-tissue trauma. 
Some of this new instrumentation is clearly beneficial; 
however, it also represents an area where the market- 
place has collided with a surgical innovation. As a new 
surgical approach, minimally invasive surgery provides 
some promotional advantage for surgeons. However, the 
approach itself offers little advantage to orthopedic 
companies because it employs no new special prosthetic 
components. Where companies have capitalized on this 
new technique has been in promoting new instrument 
systems that are “essential” to performing this new 
approach. Unlike in the case of new prosthetic compo- 
nents, where there is usually at least some available sup- 
portive biomechanical data, these new instrument sys- 
tems are being rigorously promoted while there is still 
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relatively little data or experience to support their effec- 
tiveness. Clearly, the surgeon needs to maintain a certain 
level of healthy skepticism to evaluate which of these 
new company-driven “improvements” are truly neces- 
sary. Unfortunately, it has been the aggressive commer- 
cialization of minimally invasive surgery which has 
turned many orthopedists against it. 



Conclusions 



In conclusion, minimally invasive hip arthroplasty rep- 
resents nothing more than the introduction of new 
surgical approaches into the field of hip replacement. 
At its best, minimally invasive surgery is a true revolu- 
tion which can potentially benefit a significant num- 
ber, albeit not all, hip arthroplasty patients. If so, it 
deserves its current attention and should be offered as 
a real alternative to traditional total hip arthroplasty. It 
should be capable of being performed competently by 
any well-trained hip arthroplasty surgeon. At its worst, 
minimally invasive surgery is the latest in a long litany 
of promised innovations which have failed to advance 
the field. The only way to judge minimally invasive hip 
arthroplasty 1s to perform well -control led unbiased 
multicenter trials with adequate and appropriate fol- 
low-up. In the meantime, surgeons need to provide 
their own honest self-assessment of whether minimal- 
ly Invasive hip arthroplasty in their hands can deliver 
benefits without undue risks to patients .This is noth- 
ing more than a reaffirmation of the old surgical adage 
primum non nocere. 
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Traditional Approaches to the Hip 



E Rachbauer, M. Nogler 



The first descriptions of the anterior approach to the 
hip are attributed to Sprengel (1878), Bardenheuer 
(1907), Depuy de Frenelle (1924) and Larghi. Smith- 
Peterson (1917, 1949) has improved and revived the 
interest in this approach, which he utilized for his 
technique in mold arthroplasty [1-4]. Nearly all surgery 
of the hip joint may be carried out through this 
approach, or separate parts can be used for different 
purposes. 

The whole iliac wing and the hip joint can be 
approached by the iliac portion of the incision. It is espe- 
cially used for access to the anterolateral part of the 
femoral head and neck. It permits a direct access to the 
acetabulum and frees the superior part of the femur 
without extensive detachment of the gluteal muscles 
from the iliac wing or without tenotomies of the outer 
rotators. Letournel and Judet (1974) described an 
iliofemoral approach which allows surgical extension to 
laterally expose the anterior and posterior pelvic 
columns [2,4]. 

The inferior part of the approach, denominated as 
Hueter-Schede, does not even need any muscular 
detachment besides the eventual dissection of the tendi- 
nous origin of the rectus femoris muscle [2, 3]. 

The anterior approach gives safe access to the hip 
joint and ilium by exploiting the inter nervous plane 
between the sartorius and the tensor fasciae latae mus- 
cles. Its is used for 

Open reduction of congenital dislocations of the hip 

Pelvic osteotomies 

Excision of tumors of hip and pelvis 

Total hip arthroplasty 

Hemiarthroplasty 

Resurfacing arthroplasty 

Synovial biopsies. 



Technique 



The patient is placed supine on the operating table. To 
free the posterior border of the iliac wing put a small 
pad under the affected buttock to push the affected 
hemipelvis forward. The whole lower extremity is pre- 
pared to allow manipulation of the leg and the hip dur- 
ing the intervention. 

Identify the anterior superior iliac spine, which is 
subcutaneous and easily palpable in thin patients. The 
groove between the tensor fasciae latae and sartorial 
muscle is easily found below the anterior superior iliac 
spine. In obese patients, when covered by adipose tissue, 
you can locate it more easily if you bring your thumbs 
up from distal. 

The iliac crest serves as a point of origin and inser- 
tion for the gluteal and the tensor fasciae latae muscles 
and can be palpated subcutaneously. 

The skin incision starts in the middle of the iliac 
crest, but for a larger approach the starting point can 
also be set more posteriorly. The incision follows the 
crest approximately 2 cm distal to prevent painful adhe- 
sions of the scar to the bone. It proceeds to the anterior 
superior iliac spine and from there is vertically curved 
down the thigh heading toward the lateral border of the 
patella. (QFig. 6.1). 

The approach uses an internervous plane between 
the femoral nerve and the superior gluteal nerve. It lies 
superficially between the sartorial and the tensor fasciae 
latae muscles, the deep dissection uses the plane 
between the rectus femoris and the gluteus medius and 
minimus muscles. 

The superficial and the profound fasciae lateral to 
the sartorial muscle are incised on the medial border of 
the tensor fasciae latae muscle. The lateral cutaneous 
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D Fig. 6.1. The skin incision runs parallel to the iliac crest and pro- 
ceeds to the superior iliac spine where in vertically curves down the 
thigh heading toward the lateral border of the patella. 7 iliac crest; 
2 anterior superior iliac spine 




O Fig. 6.2. The lateral femoral cutaneous nerve pierces the deep fas- 
cia close to the intermuscular interval between the tensor fasciae latae 
and the sartorius. Incise the facia on the medial side of the tensor fas- 
ciae latea and retract the sartorius with the lateral femoral cutaneous 
nerve superomedially and the tensor fasciae latae inferolaterally. 3 fas- 
cia lata; 4 fascia overlying tensor fasciae latae; 5 fascia overlying sarto- 
rius; 6 lateral femoral cutaneous nerve 



femoral nerve, which pierces the deep fascia just below 
the anterior superior iliac spine, is identified and shift- 
ed with the sartorial muscle (O Fig. 6.2). Staying with- 
in the fascial sheath of this muscle will protect you 
from damaging the lateral femoral cutaneous nerve 
because the nerve runs over the fascia of the sartorius. 
It should be noted that the nerve may as well lie lateral 
to the sartorial muscle. Retract the sartorius upwards 
and medially and the tensor fascia latae downwards 
and laterally. 

The anterior part of the tensor fasciae latae muscle 
is subperiostally detached from the iliac wing where it 
is fibrously attached to the iliac crest. This can be per- 
formed in an avascular zone as it is not necessary to cut 
muscle fibers. Following detachment of the tensor fas- 
ciae latae, there is a good view on the gluteus medius 
muscle and the rectus femoris muscle, which contrasts 



by its tendineous appearance from the neighboring 
muscles. 

With a periosteal elevator, strip the periosteum with 
the attachments of the gluteus medius and minimus 
muscles from the lateral surface of the ilium. Control 
bleeding from the nutrient vessels by packing the inter- 
val between the ilium and the reflected muscles with 
gauze sponges. Individual bleeding points can be con- 
trolled by the application of bone wax. 

Now carry the dissection through the deep fascia of 
the thigh and between the tensor fasciae latae laterally 
and the sartorius and rectus femoris medially. Clamp 
and ligate the ascending branch of the lateral femoral 
circumflex artery, which lies 5 cm distal to the hip joint. 

Identify the origin of the rectus femoris muscle 
(O Fig. 6.3). The rectus femoris originates with its direct 
head from the anterior inferior iliac spine, and the 
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O Fig. 6.3. Following subperiostal detachment of the tensor fasciae 
latae from the iliac wing identify the origin of the rectus femoris mus- 
cle (direct and reflected head). The ascending branch of the lateral 
femoral circumflex artery, which lies 5 cm distal to the hip joint has to 
be clamped or ligated. 7 ascending branch of lateral femoral circumflex 
vessels; 8 rectus femoris with its direct and reflected head; 9 tensor fas- 
ciae latae; 10 detachment of tensor fasciae latae at iliac crest; 11 glu- 
teus medius; 72sartorius 




□ Fig. 6.4. Following detachment of the rectus femoris from both its 
origins bluntly separate the iliopsoas muscle from the capsule medial- 
ly and retract the gluteus muscle laterally. Now the hip joint capsule is 
fully exposed and can be incised. 8 rectus femoris; 13 capsule of the hip 
joint; 14 psoas muscle; 75femoral head; 76 anterior inferior iliac spine 



reflected head from the superiolateral lip of the acetab- 
ulum and the anterior capsule of the hip joint. The 
reflecting head is intimate with the capsule and has to be 
split from the capsule of the adjacent hip joint. Detach 
the rectus femoris from both its origins and retract it 
medially. Retract the gluteus medius laterally. 

The iliopsoas muscle is also separated from the cap- 
sule by blunt dissection and held aside. Then the whole 
anterior aspect of the hip joint is exposed. 

The capsule of the hip joint is now exposed. Infero- 
medially, you can see the iliopsoas as it approaches the 
lesser trochanter: retract it medially. The iliopsoas is 
often partly attached to the inferior aspect of the hip 
joint capsule and must be released from it. 

Inferolaterally, the shaft of the femur lies under cov- 
er of the vastus lateralis. Adduct and fully externally 
rotate the leg to put the capsule on stretch; incise the hip 
joint capsule as the surgery requires. The capsule is lon- 
gitudinally incised following the axis of the femoral 
neck, and transversally dissected parallel to the acetab- 
ular roof. In order to anteriorly dislocate the hip, the 
capsule has to be opened as wide as necessary and may 
be excised as well as a part of the acetabular labrum 
( QFig. 6.4). Dislocate the hip by external rotation and 
adduction. 

Dangers 



The lateral femoral cutaneous nerve usually leaves the 
pelvis by passing deep to the lateral end of the inguinal 
ligament about 1 cm medial to the anterior superior ili- 
ac spine. The nerve then splits into anterior and posteri- 
or divisions approximately 5 cm below the anterior 
superior iliac spine and continues distally to innervate 
the skin over the lateral aspect of the thigh. Alternative- 
ly, the nerve may be absent, with a branch from the 
femoral nerve arising below the inguinal ligament, or it 
may be replaced by the ilioinguinal nerve. 

The nerve should be preserved when you incise the 
fascia between the sartorius and the tensor fasciae latae. 
If the nerve is cut, this may lead to the formation of a 
painful neuroma and may produce an area of dimin- 
ished sensation on the lateral aspect of the thigh (meral- 
gia paresthetica). 

The variability of the course of the lateral femoral 
cutaneous nerve suggests that during any operative 
approach to the iliac crest or inguinal region, awareness 
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that it may cross the surgical site is the only way to pre- 
vent injury to this nerve. 

The ascending branch of the lateral femoral circum- 
flex artery crosses the operative field, running proximal- 
ly in the internervous plane between the tensor fasciae 
latae and the sartorius. Ligate or coagulate it when you 
separate the two muscles. 

Extensile Procedures 



The skin incision may be extended posteriorly along the 
iliac crest to expose the iliac bone. 

To extend the approach distally, lengthen the skin 
incision downward along the anterolateral aspect of the 
thigh. Incise the fascia lata in line with the skin incision; 
underneath lies the interval between the vastus lateralis 
and the rectus femoris. To expose the shaft of the femur 
you will have to split muscle fibers in this interval. You 
may as well use the interval between the vastus lateralis 
muscle and the intermuscular septum. 

The approach can be as well extended to visualize 
the inner and outer wall of the pelvis for pelvic osteoto- 
my. Gently strip the muscular coverings from the bone at 
the level of the* origin of the reflected head of rectus 
using blunt instruments. This dissection will lead you 
into the sciatic notch. Take great care to stay close to the 
bone, since the sciatic nerve is also emerging through 
the notch. Following detachment of the rectus femoris 
from the anterior inferior iliac spine, carefully lift off the 
iliacus muscle from the inside of the pelvis. Proceed by 
blunt dissection until the greater sciatic notch is reached 
and both instruments are in contact with each other and 
with the bone of the sciatic notch. This allows sufficient 



visualization of the entire thickness of the pelvis to per- 
mitting an accurate osteotomy. 

For exposure of the posterior column detach the 
insertion of the glutei from the greater trochanter. This 
can be performed either by dividing this insertion with 
a knife or preferably by a trochanteric osteotomy. Pay 
attention to the superior gluteal nerve and artery which 
emerge through the greater sciatic notch and serve the 
gluteus medius and minimus muscles. Do not stretch 
these vessels unless you risk thrombosis that may lead to 
massive muscle necrosis. Part of the posterior column of 
the acetabulum and the lateral aspect of the iliac crest 
are now exposed. 

To access the inner part of the iliac wing until the 
sacroiliac joint, subperiosteally lift off the iliacus muscle 
after detachment of the origins of the abdominal mus- 
cles from the iliac crest. 
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Introduction 



The direct lateral approach provides a number of dis- 
tinct advantages over the others approaches most com- 
monly used. It allows for excellent exposure of the 
acetabulum and femur with the option for extension in 
revision and complex primary cases. The advantages of 
the direct lateral approach include: preservation of the 
posterior capsule, a dislocation rate <1% and a low inci- 
dence of sciatic nerve injury. Its main drawbacks are a 
reported increased risk of heterotopic ossification and 
superior gluteal nerve injury with resultant abductor 
weakness and limp. 

Evolution of the Lateral Approach 



The direct lateral approach and numerous modifications 
have become popular since the 1982 publication by 
Hardinge; the technique combined in a reproducible 
manner specific technical points of exposures described 
by Kocher, McFarland and Osborne, and Bauer. 
Hardinge described a gluteal sparing technique that 
splits the muscle anterior and inferior, preserving the 
proximal insertion. The Hardinge technique did not 
describe handling of the gluteus minimus muscle 
detachment and reattachment to the trochanter. A mod- 
ification of the Hardinge direct lateral approach used 
and taught by the senior author for the past 15 years is 
subsequently described. The modifications limit disrup- 
tion of the abductor mechanism, preserve the tissue 
integrity, allow wide femoral and acetabular exposure 
and result in an anatomic tissue repair. The modified 
direct lateral approach is appropriate for all primary and 



revision cases, and can be easily extended in complicat- 
ed situations. Limited skin incisions less than 10 cm can 
be performed in thin patients, but difficulties can arise 
in muscular or obese individuals, given the fact that this 
is a muscle-splitting procedure. 

Technique 

Operating Room 



No specific modifications to the operative setting are 
needed for the procedure. A beanbag or pegboard posi- 
tioner is used on a standard operating-room table. The 
use of laminar flow and surgical hoods is dependent on 
the surgeon's preference and availability. 

Instruments 



A standard hip tray including a variety of sharp and 
blunt Hohmann retractors, Cobra retractors, and a 
Charnley self-retractor are preferred for this procedure. 
In general, no gross modifications to the oscillating saw, 
acetabular reamers or broach handles are necessary to 
perform this approach, although offset acetabular ream- 
er handles and acetabular insertors are helpful. 

Positioning 



This approach is performed in a lateral decubitus posi- 
tion, and is dependant on knowledge of the patient and 
the pelvic orientation prior to sterile preparation and 
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draping. Alignment and stability of the pelvis are vital to 
cup orientation, and can be achieved using a variety of 
stabilization methods, including, but not limited to, a 
peg board, kidney rests or a vacuum positioning bag. 
The pegboard is an easy and reproducible method for 
achieving pelvic stability. Four pegs are placed in the fol- 
lowing order: 

1. anterior inferior peg at the level of the pubic sym- 
physis, 

2. posterior peg at the level of the lumbosacral junction, 

3. anterior peg at the level of the xyphoid process, 

4. posterior peg at the level of the inferior scapular 
angle. 

Skin Incision 



Superficial Muscle Dissection 



After dissection through the subcutaneous tissues, the 
fascia lata is exposed and split in line with its fibers 
posteriorly over the tip of the greater trochanter. The 
distal end runs along the anterior border of the femur, 
and the proximal extent in line with the fascial lines 
and muscle fibers of the gluteus maximus. The appear- 
ance of this fascial dissection is that of a lazy “S” shape. 
The abductor muscles are now centered in the opera- 
tive field, and the bursa is released to expose the prox- 
imal portion of the vastus lateralis. A Charnley self- 
retractor can be placed with the anterior blade deep to 
the fascia and the posterior blade above the fascia in 
the subcutaneous adipose, both at the level of the 
greater trochanter. 



The incision can range from 6-15 cm, and depends on 
the patient’s body habitus; length is directly propor- 
tional to the depth of the trochanter. A straight or 
curvilinear incision centered over the tip of the greater 
trochanter is used ( OFig. 6.5). The proximal portion 
curves posteriorly while the distal portion extends lon- 
gitudinally in line with the anterior margin of the 
femur. With the leg flexed 90°, the incision will become 
a straight line, and the trochanter should remain cen- 
tralized. The proximal incision in flexion exposes of 
the femoral canal, while the distal portion allows 
acetabular preparation in extension. Awareness of this 
relationship ensures proper incision mapping and can 
limit length. In obese patients, a more anteriorly placed 
incision improves exposure, decreases the need for 
additional retraction, and also limits the need for a 
lengthy incision. 




Deep Muscle Dissection 



The gluteus medius proximal muscle split is started at 
the junction between the middle and anterior third of 
the greater trochanter in a palpable raphe and extends 
in line with muscle fibers proximally; the bulk or prox- 
imal 2/3 of the medius is left attached to the greater 
trochanter ( Q Fig. 6.6). Care must be taken to avoid 
splitting the gluteus medius too superiorly as this may 
injure the most inferior branch of the superior gluteal 
nerve which is located approximately 3-4 cm proximal 
to the tip of the greater trochanter. The incision is then 
carried out distally along the tendinous portion along 
the gluteus-medius insertion into the vastus lateralis. A 
tendinous cuff should be left on both the greater 
trochanter and free muscle flap to allow for later 
repair. The superficial vastus fascia should be split in 
the line of the anterior femur approximately 3-4 cm 
distally to the inferior insertion of the gluteus medius. 
A tagging stitch at the superior portion of the tendi- 
nous remnant of the gluteus medius can be used for 
retraction as it is released from the underlying gluteus 
minimus muscle and anterior capsule through an adi- 
pose tissue plane. In severely contracted or revision sit- 
uations this plane may not be easily defined. A 
straightened cobra retractor is then placed inferior to 
the capsule. 

The gluteus minimus insertion is then identified 
approximately 1.4 cm medial to the gluteus medius 
insertion along the anterior trochanteric ridge. A longi- 



D Fig. 6.5. Skin incision and superficial landmarks 
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tudinal incision should be made through the minimus 
and capsule at the superior aspect of the greater 
trochanter, traveling vertically and superiorly in line 
with the muscle fibers to the posterior superior corner 
of the acetabulum (OFig. 6.7). It is important that this 
incision is properly placed since it will be critical for 
acetabular and femoral exposure, as well as for later 




□ Fig. 6.6. The gluteus medius proximal muscle split at the junction 
between the middle and anterior third of the greater trochanter 




O Fig. 6.7. Incision and reflection of the gluteus minimus with under- 
lying capsule. A longitudinal incision starting at the superior aspect 
of the greater trochanter traveling vertically and superiorly in line 
with the muscle fibers to the posterior superior corner of the acetab- 
ulum. A=Gluteus Medius. B=Gluteus Minimus. C=lnferior capsule and 
femoral neck 



repair. The minimus incision/release requires gentle 
retraction of the remaining anterior edge of the gluteus 
medius as excessive retraction can lead to heterotopic 
ossification within the muscle. A second capsular inci- 
sion is then made horizontally along the inferior border 
of the minimus along the femoral neck from the 
trochanter to the acetabular rim. The minimus and cap- 
sule between these two splits should then be elevated off 
the femoral neck and reflected anteriorly. The inferior 
capsule can be removed in its entirety if contracted, or 
retained if compliant for later repair. The hip is dislocat- 
ed with a combination of forward flexion and gentle 
external rotation. If the hip does not dislocate with gen- 
tle manipulation, then the superior capsular split and 
the inferior excision of the capsule should be revisited. 
Failure to release a contracted anterior capsule can 
result in a difficult dislocation and may increase the risk 
for fracture of the proximal femur in patients with 
osteoporotic bone. 

Femoral Exposure 



With firm but gentle adduction, flexion and external 
rotation, the head may be placed within the surgical 
field. Cobra retractors are then placed around the 
femoral neck to protect the underlying soft tissues 
while the neck cut is made, and the posterior imping- 
ing osteophytes are removed. Any remaining inferior 
capsule that is tethering the femur can be released to 
facilitate exposure and to prevent anterior soft-tissue 
impingement. 

Preparation of the femoral canal can occur before or 
after acetabular preparation, but in our opinion is more 
easily performed afterwards. With the hip flexed, 
adducted and externally rotated, the foot and lower leg 
are placed in a sterile leg bag. The femoral canal is then 
accessible through the proximal portion of the incision 
(□ Fig. 6.8). One retractor should be placed behind the 
greater trochanter to keep the skin and fascia lata 
retracted while a second retractor is placed around the 
anterior portion of the neck cut to retract the psoas 
muscle and anterior soft tissues. The posterior retractor 
should be placed prior to externally rotating the femur 
in order to avoid inadvertent placement of the retractor 
on the sciatic nerve. This exposure allows the final 
preparation of the femur, using reamers and broaches 
under direct visualization. 



B Fig. 6.8. Femoral exposure 



Q Fig. 6.9. Acetabular exposure 



Acetabular Exposure 



Acetabular exposure is typically accomplished using a 
combination of Hohmann retractors. A blunt Hohmann 
can be placed posteriorly and inferiorly around the 
edge of the acetabulum just posterior to the insertion of 
the transverse acetabular ligament. This retractor will 
create leverage on the osteotomy to move the femur dis- 
tally and out of the way. This maneuver is critical for 
acetabular exposure and works best with the leg in a 



slightly flexed and externally rotated position. It is 
important that this retractor is placed directly on bone 
and not posteriorly where it could potentially injure the 
sciatic nerve. A sharp narrow Hohmann retractor is 
placed beneath the minimus and capsular sleeve at the 
most superior position of the acetabulum between the 
margin of the labrum and the superior capsule. This 
retractor can be tapped into the ileum, freeing the assis- 
tant’s hands. If necessary, a third blunt Hohmann can be 
carefully placed over the anterior medial edge of the 
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D Fig. 6.10. Final component orientation 

acetabulum and retracted gently to avoid injury to the 
femoral nerve and artery. The labrum is excised cir- 
cumferentially, and the transverse acetabular ligament 
is retained unless it compromises exposure or reamer 
access. 

Acetabular reaming ( □ Fig. 6.9) can then be under- 
taken in a straightforward manner under direct visuali- 
zation. The retractors should not interfere with the 
reamer and cause an undesired deflection. After prepa- 
ration of the socket, trials or final components can be 
placed. Orientation of the components is dependent on 
stable and appropriate patient positioning, performed at 
the start of the case, and bony landmarks (|J Fig. 6.10). 
Acetabular osteophytes should also be removed to pre- 
vent impingement; the posterior inferior osteophytes 
are most critical as they can create anterior instability. 
The cleared ischium is also an excellent landmark for 
proper acetabular flexion. 

Wound Closure 



Proper closure is critical for implant stability and 
restoration of muscular anatomy. After final hip reduc- 
tion, the remaining anterior superior portion of the 
joint capsule and the overlying gluteus minimus 
muscle are re-attached to the anterior portion of the 
greater trochanter with trans-osseous monofilament 
absorbable suture ( DFig. 6.11). As these are pulled and 




□ Fig. 6.11. Gluteus minimus muscle and superior joint capsule repair 
to the anterior portion of the greater trochanter with trans-osseous 
monofilament absorbable suture. A=Drilling for repair. B=Minimus re- 
attachment. C=Final anatomic repair 

tied snug, the leg will need to be brought into slight 
abduction and internal rotation to take tension off the 
repair. The longitudinal split up the minimus and cap- 
sule should also be repaired to the remaining cuff of 
capsule and muscle just under the attached edge of the 
gluteus medius. The medius is then repaired as a sepa- 
rate layer by bringing the tagged corner to its anatom- 
ic position, and then suturing the cuff of tendon to the 
remnant on the antero-lateral trochanter (Q Fig. 6.12). 
Suturing the overlying fascia, avoiding deep stitches 
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D Fig. 6.1 2. Gluteus medius repair, suturing the cuff of tendon to the 
remnant on the antero-lateral trochanter 



that will damage the muscle, closes the proximal split 
in the medius. The fascia lata, subcutaneous tissue and 
skin are then closed. In most cases a drain is not 
required. 

Challenges 



The direct lateral approach is an extremely versatile 
approach. It allows direct visualization of both the 
acetabulum and femur during preparation. It can be 
readily extended distally along the femur to allow for 
cabling, strut grafting, plating etc. as may be needed in 
more complex or revision cases. It has an inherently low 
risk of dislocation or nerve palsy. The greatest concern 
has been over abductor weakness, but with appropriate 
tissue-handling and repair of both the gluteus minimus 
and gluteus medius it can be avoided. 

Inadequate removal of the inferior capsule as well as 
an inadequate longitudinal split along the superior-pos- 
terior portion of the capsule are the two biggest imped- 
iments to acetabular exposure. Retraction of the femur 
out of the field of the acetabulum can be particularly dif- 
ficult if a portion of the inferior capsule remains. The 
sciatic and femoral nerves are at minimal risk as long as 
retractor placement is done carefully and with a good 
understanding of the anatomical position of these 
nerves. 
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Introduction 



The posterior approach to the hip joint has enjoyed 
varying degrees of popularity among orthopedic sur- 
geons over the past 125 years. There is general agree- 
ment that the posterior approach offers the advantages 
of reduced blood loss, early post-operative recovery and 
a reduced hospital stay [1, 2]. The main arguments 
against the use of posterior approach are an increased 
risk of dislocation following hip replacement surgery 
[2-8], difficulty in component orientation and inade- 
quate visualization of the acetabulum [9, 10]. 

The senior author has been using the posterior 
approach for total hip arthroplasty for over 25 years in 
the performance of more than 4000 hip arthroplasties, in 
the context of both primary and revision hip arthroplas- 
ty. The senior author alternatively used the trans- 
trochanteric and anterolateral approaches for exposures 
during the seventies and early eighties. Over the years, 
the technique has evolved to maximize the exposure 
without jeopardizing soft-tissue stability. The most 
important factor in avoiding many of the problems 
blamed on the posterior approach was to obtain an 
extensile acetabular exposure without interfering with 
the abductor mechanism or performing an unnecessary 
trochanteric osteotomy. This would allow the surgeon to 
place the components in the proper orientation with 
respect to the bony anatomy. 

This paper outlines the specific steps, so far not 
described in the literature, to improve acetabular expo- 
sure by anterior mobilization of the proximal femur. 
Data is also presented on 100 consecutive patients to 
assess the reproducibility of component placement in 
cemented total hip replacement surgery. 



Technique 



After induction of hypotensive, epidural anesthesia, the 
patient is placed in the lateral position with the affected 
hip facing up. A special fracture table with sacral and 
pubic posts, and a back support is used to secure the 
patient in the desired position. The table allows intra- 
operative tilting of the patient towards the surgeon to 
facilitate acetabular reaming. 

The skin incision is a gentle curve centered over the 
greater trochanter. It extends distally for 5-10 cm along 
the posterior part of the femoral shaft and proximally 
the same distance but angled posteriorly by about 
40° heading towards the posterior superior iliac spine 
(O Fig. 6.13). The fascia is incised in the line of the inci- 
sion and the gluteus maximus muscle is split in the prox- 
imal part of the incision in the direction of its fibers. A 
Charnley retractor is used to retract the fascial and mus- 
cle edges. 





£> Fig. 6.13. Right hip prepped in lateral position on hip table with 
proposed posterolateral incision 
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Gentle internal rotation of the hip exposes the posteri- 
or border of gluteus medius, which is retracted by an 
angled Hohmann retractor. All the short external rota- 
tors from the piriformis to the quadratus femoris are 
visualized at this stage. The tendon of gluteus maximus 
is identified at the distal corner of the incision. It is 
released (completely if necessary) with diathermy, pre- 
serving a stump of 2-3 mm at its insertion for future re- 
suturing (O Fig. 6.14). An ink marking is made on the 
posterior soft tissues and femoral shaft at the level of 
quadratus femoris to facilitate accurate approximation 
during closure. The quadratus femoris is released from 
its insertion at the posterior margin of the vastus later- 
alis. A posterior sleeve, consisting of the short external 
rotators and the capsule, is released from the bony sur- 
face of the posterior aspect of the femoral neck with 
diathermy (0 Figs. 6.14 and 6.15). A trapezoidal soft- 
tissue flap based medially on the pelvis is developed 
where the capsule is closely adherent to the rotator 
muscles (O see Fig. 6.15, Fig. 6.16). The proximal limb is 
located above the superior border of the piriformis ten- 
don while the distal limb is located below the inferior 
border of the inferior gemellus muscle. This capsular 
sleeve extends from the 1 1 o’clock- to the 7 o’clock posi- 
tion for the right hip. The posterior soft-tissue sleeve 
consists of the gluteus maximus tendon and the short 
external rotators, including the quadratus femoris, 
gemellus inferior, obturator internus, gemellus superior 
and piriformis, in the caudal-cephalad direction. Care 



should be exercised to maintain the dissection close to 
the bone in order to avoid the branches of the circum- 
flex vessels and to obtain the maximum length of soft 
tissue needed for repair. 

An Aufranc retractor is inserted into the space cre- 
ated at the acetabular notch in a rent in the inferior 
capsule. A Steinman pin is inserted into the infra-coty- 
loid groove of the acetabulum and held vertically 
against the bone. A locator mark is made on the greater 
trochanter for future reference for the leg-length meas- 
urement. The position of the limb is identified when 




Q Fig. 6.1 5. Exposure continues with release of the quadratus femoris 
muscle, followed by release of the short external rotators and capsule 
as one contiguous flap. Note the outline of the trapezoidal capsuloto- 
my in the upper inset 





O Fig. 6.1 4. The same hip after exposure of the posterior structures of B Fig. 6.16. The hip has been dislocated and the femoral head 

the hip. Note the partial release of the insertion of the gluteus max- osteotomized to expose the acetabulum. Note the release of the 

imus tendon reflected head of the rectus femoris which allows for anterior mobi- 

lization of the femur and placement of the curved C-retractor 
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this mark is being made. This position is in slight 
adduction, flexion and internal rotation. With the 
knife, the femoral attachment of the gluteus minimus 
and the superior capsule are detached from the femoral 
neck. Abduction of the hip facilitates this release 
maneuver. The hip is dislocated posteriorly by flexion, 
adduction and internal rotation. The distance from 
the center of the head to the top of the lesser trochanter 
is measured for future reference. The neck is osteo- 
tomized as required. If the patient has significant ante- 
rior soft-tissue tightness or a pre-operative flexion 
contracture, the limb is rotated internally and the ante- 
rior capsule is partially or completely released close to 
the anterior surface of the femoral neck from the inter- 
trochanteric crest. 

A double angled C-shaped retractor is inserted in 
front of the anterior acetabular wall to retract the prox- 
imal femur anteriorly. A Steinman pin is inserted in the 
supra- acetabular region to retract the gluteus medius. 
An Aufranc retractor is placed below the acetabular 
notch, which retracts the inferior soft tissues and facili- 
tates hemostasis. A right-angled Hohmann retractor is 
inserted behind the posterior edge of the acetabulum, 
inside the posterior capsule and rotator muscle flap but 
outside the labrum. The sciatic nerve is well protected 
in this position. The antero -lateral capsule and the 
reflected head of the rectus femoris is released from the 
anterior and antero-superior border of acetabulum 
from the 11 o’clock position to the antero-inferior iliac 
spine ( D Fig. 6.16). The double-angled retractor is repo- 
sitioned at this site in the space created by the release of 
the rectus femoris origin. The femur is now positioned 
into slight abduction, flexion and neutral rotation to 
further facilitate a global exposure of the acetabulum 
(D Fig. 6.17). The substance of the rectus femoris ten- 
don and iliacus muscle protects the femoral nerve from 
this retractor. Tilting the patient towards the surgeon 
facilitates the visualization of the acetabulum. 

The inside of the transverse acetabular ligament, 
which corresponds to the mark on the inter-teardrop 
line on the radiograph, is identified. The superior bony 
landmark on the acetabulum corresponding to the 45 
degree angled line on the radiograph is also identified. 
The redundant acetabular labrum is excised in a global 
fashion so as to gain a complete view of the bony anato- 
my of the opening of the acetabular bony socket. The 
acetabulum is reamed in a progressive and concentric 
fashion. The initial reamer is directed medially in order 




O Fig. 6.1 7. Exposure of the acetabulum with a C-retractor anteriorly, 
a Steinmann pin superiorly, an Aufranc inferiorly,and a bent Hohmann 
retractor posteriorly 

to obtain the desired medialization of the socket onto 
the true floor of the acetabulum. The socket is reamed in 
2 mm increments until the cancellous bone of the pubis 
and ischium comes into view. Care is taken to maintain 
the reaming of the acetabular socket in a concentric 
manner in order to avoid the creation of an eccentric 
bony socket. This is of great importance in re-creating 
the optimal hip center and has a major bearing on the 
biomechanics of the implanted hip arthroplasty. An 
acetabular trial of the same outer diameter as the last 
acetabular reamer used is placed to assess the adequacy 
and concentricity of the reamed socket as well as to gain 
information about the desired angle of anteversion and 
angle of inclination of the socket (O Fig. 6.18). 

Component orientation is assessed by alignment of 
the trial to the bony landmarks of the socket and the 
previously described correlation of these landmarks 
on the pre-operative radiographs. Multiple keyholes 
are made to a depth of 5-8 mm using a high-speed 
burr in order to facilitate optimal macro- and 
microlock of the cement into the cancellous bone. The 
acetabular socket is thoroughly lavaged with pulsed 
irrigation and dried in order to create the ideal bone- 
cement interface. This is facilitated by well-controlled 
hypotensive anesthesia. 

The prepared cement mass in a semi-viscous state is 
placed into the dry bony bed of the acetabular socket 
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® Fig. 6.18. Concentric reaming of the acetabulum can now be per- 
formed in an unimpeded fashion 



and pressurized with a latex pressurizer. Attention is 
focused on the maintenance of a dry cement interface. 
The polyethylene socket is implanted into the cement 
mass under steady pressure in the optimal alignment 
and anteversion as previously assessed with respect to 
the bony landmarks. Minor adjustments are made if 
desired, and the excess cement is removed. The socket is 
maintained under steady pressure until the cement has 
cured. 

For the femoral preparation, the femur is rotated 
internally, adducted and flexed. A broad neck retractor 
elevates the proximal femur into full view. An Aufranc 
retractor is placed inferiorly beneath the lesser 
tuberosity and a right-angled Hohmann retractor is 
placed in the abductor mass between the gluteus 
medius and minimus to expose the neck area in its 
entirety. A pilot hole is created in the postero-lateral 
aspect of the cut surface of the neck, using a high-pow- 
ered burr. The canal is identified with a canal finder. A 
straight rod is inserted in the canal to a depth of 
180 mm to identify the center of the femoral canal. A 
combination reamer is used to remove overhanging 
trochanteric bone in order to permit femoral broach- 
ing in the neutral plane of the femoral canal. The prox- 
imal femur is prepared using sequential broaches with 
attention directed to the desired anteversion and ade- 
quate broaching of the lateral wall in order to attain the 
ideal alignment of the femoral implant in the neutral 
axis of the femur. 



A trial reduction is performed using the appropriate 
broach and trial head. The coplanar position is identified 
by appropriate internal rotation of the femur to provide 
an estimate of the combined anteversion of the femoral 
and acetabular components. The distance from the less- 
er trochanter to center of the head and the offset are not- 
ed and compared against similar measurements that 
were made prior to the osteotomy of the femoral head. 
The leg lengths are evaluated after the trial hip reduc- 
tion, by introducing the Steinman pin in the infra-coty- 
loid groove and the difference between the previously 
placed mark on the greater trochanter and the Steinman 
pin is measured. The aim is to equalize or increase the leg 
length by 2-5 mm. The anterior soft-tissue tension is also 
evaluated by an objective evaluation of the resistance to 
passive external rotation of the femur. One should be 
able to bring the proximal femur passively within one 
finger’s breadth from the ischial tuberosity. The length 
and tightness of the tensor fascia lata is evaluated utiliz- 
ing Ober’s test. All anterior osteophytes must be removed 
to eliminate bony impingement of the neck of the trial 
broach which may predispose to hip instability. 

The issues of limb lengths and soft-tissue tension 
can be appropriately addressed by adjustments to the 
implant seating, head-neck length modularity and soft- 
tissue releases, including the iliotibial band and anterior 
capsule release as required. 

After the trial reduction, the desired femoral pros- 
thesis and head is assembled. The femoral canal is 
plugged at the measured distance using the appropriate- 
ly sized cement restrictor. The femoral canal is thor- 
oughly lavaged, using pulse irrigation, and dried and 
packed with ribbon gauze in a retrograde manner. The 
cement is prepared by vacuum mixing and loaded into a 
cement gun. The femur is confirmed to be dry by final 
suction of any fluid at its base. The cement is implanted 
into the femur when it has reached the ideal consistency 
in retrograde fashion. The cement is pressurized into the 
cancellous bony interstices, using the cement gun and a 
proximal femoral seal. The exudation of marrow and fat 
from the neck of the femur is considered a sign of opti- 
mal pressurization. The cement interface is dried and 
the femoral component is implanted into the cement 
mass with consideration given to the anteversion and 
the neutral alignment of the component along the axis of 
the femur. The excess cement is removed and the 
implant is impacted to the desired level, utilizing the 
previously measured lesser trochanter to center of the 
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head distance. The hip is reduced after the cement has 
cured and the acetabular component is confirmed to be 
devoid of any debris. The limb length is confirmed 
before commencement of the closure. 

Suturing the gluteus maximus tendon to its insertion 
and the quadratus femoris to the posterior aspect of the 
shaft with non-absorbable thick sutures performs the clo- 
sure (O Fig. 6.19). The posterior capsulo-muscular flap is 
sutured by non-absorbable osseous sutures to the depth 
of piriformis fossa at the base of the femoral neck. Sutures 
passed through drill holes near the posterior edge of 
greater trochanter are used to secure the posterior flap 
( OFig. 6.20). The fascia lata is sutured with interrupted 
and continuous sutures to attain a watertight closure. 

Extension of the exposure for revision hip replace- 
ment surgery and some difficult primary cases is 
achieved by releasing a part of the gluteus medius, min- 
imus and vastus lateralis along with the anterior capsule 
as one sleeve from the anterior surface of the femoral 
neck. This approach utilizes the modification of the 
direct lateral approach as described by Hardinge. This 
anterior sleeve is elevated to the level of the lesser 
trochanter distally and beyond the acetabulum superior- 
ly and allows easier anterior translation of the trochanter 
to visualize the acetabulum completely. At the conclusion 
of the case, the closure of this anterior release is again 
performed, using non-absorbable interrupted sutures as 
a continuous layer. 




D Fig. 6.1 9. The trapezoidal posterior flap of capsule and short exter- 
nal rotators are now repaired through drill holes passed through the 
greater trochanter. Note the repair of the superior capsule proximally 
and the repair of the gluteus maximus and quadratus femoris distally 



Material and Methods 



A retrospective radiographic review was performed of 
100 consecutive cemented primary total hip replace- 
ments for which adequate quality pre-operative and one- 
month post-operative anterior-posterior (AP) pelvis 
radiographs were available. All the procedures were per- 
formed using the posterior approach described in the 
technique section. Patients were excluded if they had pre- 
viously sustained a fracture of either hip, if they had 
undergone hip-replacement surgery on the opposite hip, 
or if they had any condition other than osteoarthritis 
which significantly affected the bony architecture of 
either hip (e.g.,hip dysplasia). All the patients underwent 
unilateral cemented total hip replacement with modern 
cementing technique, using a single type of implant. 

All the radiographs of 100 patients were evaluated 
independently by two observers to assess the restoration 
of hip center of rotation and femoral component align- 
ment. The axis of the femoral prosthesis relative to that 
of the femoral canal was measured on the AP pelvis radi- 
ographs and was considered mal-aligned if it differed by 
3° or more. 

The location of the pre-operative center of rotation 
was determined by identifying the center of the bony arc 
of the acetabulum visualized on the AP pelvis radi- 
ograph. When acetabular bony deficiency was present, 
the center of rotation was placed at the location where it 




Q Fig. 6.20. Appearance of the posterior approach to the hip after 
final repair 
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would have been had the bony deficiency not existed. Its 
horizontal and vertical distance from the inferior and 
medial borders of the ipsilateral radiographic teardrop 
recorded the location of the center of rotation. The line 
tangent to the inferior edges of both teardrops defined 
the horizontal axis. The post-operative center of rotation 
was defined as the center of the prosthetic femoral head. 
The horizontal and vertical distance from the teardrop 
similarly recorded its location. 

Leg-length differences were estimated using the AP 
pelvis radiographs. The leg-length difference was 
defined as the difference in the perpendicular distances 
from the inter-teardrop line to the center of the ipsilat- 
eral and contralateral lesser trochanters. The center of 
the lesser trochanter was utilized because its location 
varies less with femoral rotation than does the superior 
or inferior edge of the lesser trochanter. This method of 
leg-length measurement presumes that the remainder of 
both limbs below the lesser trochanter is equal in length 
and that no pelvic obliquity exists. 

Results 



The femoral alignment was graded as neutral by the two 
observers in 88% and 89% of the cases, respectively. The 
stem was classified as being in 3° or more of valgus in 
9% and 10%, respectively. Both observers agreed that 
two of the stems were positioned in 3° of varus. 

Averaging the two observers’ measurements, the 
post-operative center of rotation of the hip joint was ele- 
vated a mean of 1.0 mm (±2.5 mm) and medialized 

4.2 mm (±3.6 mm) compared to the pre-operative center 
of rotation. The hip center was raised >5 mm in 7%, but 
was never elevated >9 mm. It was medialized >10 mm in 
7% of the cases. 

Pre-operatively, the leg length on the involved side 
was shorter than the contralateral leg by an average of 
2.5 mm ±5.5 mm. Post-operatively, the involved leg was 
lengthened so that it was longer than the opposite leg by 

3.3 mm ±4.7 mm. In 73% of the cases, the leg-length dif- 
ference after surgery was 5 mm or less. Post-operatively, 
the operated leg was longer than the opposite side by 
>5 mm in 26%, with a difference of 6-10 mm in 20 cas- 
es and 11-18 mm in 6%. In 5 of these cases, the involved 
side was longer by >5 mm both pre-operatively and 
post-operatively, but the length was not altered >5 mm 
by surgery. In one case, the operated leg was shorter than 



the opposite side by >5 mm post-operatively. In that 
case, the involved extremity was shorter pre-operatively 
as well and surgery actually lengthened the leg by 3 mm. 
Also, in no case did the surgery result in the operated 
extremity being shortened by >5 mm. 

Discussion 



From the time Langenbeck initially described it in 1874, 
the posterior approach to the hip joint had mainly been 
used for hip-infection treatment [11-13]. Kocher and 
Osborne modified it, respectively, to improve the expo- 
sure and to avoid the trochanteric osteotomy in face of 
infection [11-14]. The credit for introducing this 
approach to North America is usually attributed to Gib- 
son, who used it extensively for non-infection cases like 
cup arthroplasty, slipped femoral epiphysis management 
and hip-fracture treatment [11]. He, however, released 
the gluteus medius and minimus from the greater 
trochanter and dislocated the hip anteriorly by external- 
ly rotating the hip. In the fifties, many surgeons used the 
posterior approach and many variations were reported. 
Horwitz described an approach for the treatment of frac- 
tures of femoral neck [15]. Marcy and Fletcher used a 
similar technique for hemiarthroplasty of the hip joint 
[16]. In both techniques, the gluteus maximus is split 
along its fibers and the external rotators are sharply 
detached from the femur. Moore described his variation 
with an inferiorly placed incision, which later became 
famous as the “Southern approach” [17, 18]. This provid- 
ed a good exposure of the femur for the purpose of a 
hemiarthroplasty, but was limited in the amount of 
acetabular exposure it offered. None of these approaches 
gave any special attention to the exposure of the acetab- 
ulum or to the repair of the capsule and external rotators. 

As total hip arthroplasty became more frequently 
performed, the stability of the artificial hip joint became 
an important issue. McFarland and Osborne in 1954 and 
later Scheck in 1973 reported variations of the anterior 
approach based on the observation that the gluteus 
medius and vastus lateralis form a continuous cover 
over the greater trochanter [19, 20] . They advised reflect- 
ing the gluteus medius and vastus lateralis as a continu- 
ous layer from the greater trochanter and releasing the 
gluteus minimus from its trochanteric attachment. They 
preserved the small external rotators and dislocated the 
hip anteriorly. 
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Several surgeons in the United States developed the pos- 
terior exposure for the purpose of total hip arthroplasty 
and addressed the risk of posterior dislocation of the hip 
with the preservation of the gluteus medius and minimus. 
Lack of attention to the posterior repair was prevalent 
until recently [21, 22]. The increased incidence of hip dis- 
location following the posterior approach was published 
[1-5] with dislocation rates of 3-9.5% [5, 8, 23]. To 
address this problem, various methods were suggested to 
improve the posterior stability following a posterior 
approach. Iyer suggested oblique osteotomy of posterior 
part of greater trochanter with the attached posterior 
muscles and capsule [24]. He re-attached the osteo- 
tomized fragment with cerclage wires and demonstrated 
good stability against posterior directed forces in a cadav- 
eric study. Shaw performed a limited clinical study, utiliz- 
ing a similar approach wherein he fixed the posterior par- 
tial trochanteric osteotomy with two screws [25]. These 
techniques, using a partial osteotomy of the greater 
trochanter, add to the complexity of the approach, 
increase the blood loss and may involve an increased risk 
of heterotopic ossification. The efficacy of these modifi- 
cations has not been well documented. Headley et al. sug- 
gested using osseous repair of the posterior soft tissues to 
the posterior edge of greater trochanter [26]. 

In our approach, the combined posterior soft-tissue 
flap (capsule and external rotators together) gives good 
posterior stability when it is sutured to the depth of pir- 
iformis fossa. During fixation, the inferior angle of this 
trapezoidal flap is brought posteriorly and upwards, 
thus augmenting the posterior stability. The secured 
repair has allowed us to start early ambulation of the 
patients from the first post-operative day. 

Another factor, which has been mentioned in the lit- 
erature about the drawbacks of the posterior approach, 
is the difficulty in the assessment of the correct orienta- 
tion of the components due to the lateral position of the 
patient. An increased rate of dislocation has been part- 
ly attributed to the suboptimal orientation of the 
acetabular and femoral components when the posterior 
approach has been utilized [9, 10]. The inability of a 
surgeon to orient the components depends directly 
upon the three-dimensional comprehension and visual- 
ization of the bony anatomy. This in turn depends upon 
the adequacy of the exposure. The combination of key 
steps in our technique facilitates a global visualization 
of the acetabulum. These previously undescribed steps 
include: 



1. Near complete release of gluteus maximus tendon 
from posterior femur; 

2. release of anterior and lateral capsule from its 
acetabular attachment in the antero-superior region; 

3. release of the reflected head of rectus femoris tendon 
from its origin at the anterior inferior iliac spine; 

4. release of the anterior capsule from the femoral 
neck; 

5. placement of the anterior “C” retractor and position- 
ing of the femur appropriately. 

The combination of these steps allows appropriate 
anterior retraction of the femur. As a result of the com- 
plete visualization of all the bony boundaries of the 
acetabulum, the orientation of the component is signif- 
icantly facilitated. The data of the 100 consecutive 
patients confirms that the anatomic placement of 
acetabulum and femur can be reproduced with pre- 
dictable accuracy. The position of the patient on the 
table is not used to position the component, instead the 
orientation of the acetabular cup is achieved with 
respect to the visible bony landmarks that are correlat- 
ed with the landmarks assessed on the pre-operative 
radiograph. This permits tilting of the patient towards 
the surgeon and makes for easier reaming and implan- 
tation during surgery. 

The extensile posterior approach described herein 
provides wide exposure of both the acetabulum and 
proximal femur nearly obliviating the need for 
transtrochanteric approaches that might otherwise be 
deemed necessary in severely contracted hips. 
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Minimally Invasive Approaches to the Hip 



M. Krismer, M. Nogler, R Rachbauer 



Description of the Approach Patient Selection 



The approach is intended to allow for the implantation 
of a standard total hip prosthesis by the use of standard 
instruments. Cemented as well as non-cemented 
implants can be used with this approach. However, the 
implantation process is facilitated with standard 
instruments that have undergone slight modification. 
In any minimally invasive approach the use of straight 
cup and stem inserters, straight cement-plug inserters 
and straight rigid reamers and broaches require more 
soft-tissue mobilization, which can cause excessive ten- 
sion on these structures. Therefore, the use of instru- 
ments specifically developed for this approach is rec- 
ommended. 

The entire procedure is performed using a single- 
incision anterior approach. In a modified Smith-Peter- 
son anterior technique, the gluteal muscles remain 
attached to the ileum, using a safe intermuscular and 
inter-nervous plane to gain direct, unimpeded access to 
the hip capsule. The capsulotomy is performed using an 
H-shaped incision and retained. The femoral neck is 
then osteotomized with two parallel cuts. After removal 
of the bony disc created by this maneuver, the femoral 
head can be easily removed without significant soft tis- 
sue distraction. Mobilization of the capsule from the 
femur and the placement of the specially designed 
retractors permit direct access to the femoral canal in 
the anterior approach by elevating the femur out of the 
wound. After implantation of the acetabular and femoral 
components and relocation of the femoral head in the 
acetabulum, the capsulotomy is closed to decrease the 
risk of dislocation. 



The direct anterior approach can be safely and ade- 
quately performed in over 95% of patients who undergo 
a total hip arthroplasty. Although obesity is not a con- 
traindication because the anterior peri-incisional sub- 
cutaneous fat is usually not very thick, evaluation of 
each patient’s anatomy is suggested. However, it is also 
recommended to start the use of this approach with 
“ideal” patients, those with relatively thin anterior mus- 
culature and fat, and then proceed to the more difficult 
cases. In addition to the usual contraindications for hip 
arthroplasty, there are additional specific contraindica- 
tions for the direct anterior approach: 

Absolute contraindications: 

Destruction of the proximal femur: In the case of a 
per-trochanteric fracture or metastatic disease of the 
proximal femur, elevation of the femur out of the 
wound cannot be adequately accomplished. 

Relative contraindications: 

Morbid obesity: The decision, if this means a BMI 
index of 30 or more, is entirely dependent on the 
experience of the surgeon. 

Decreased range of motion: If the hip joint is exces- 
sively stiff and range of motion is decreased, mobi- 
lization of the soft tissue to access the joint may be 
more difficult. This parameter is also dependent on 
the experience of the surgeon. 

Difficult and concomitant procedures: If additional 
procedures are necessary, e.g. the removal of a plate 
or of a dynamic hip screw, revision cases, or central 
dislocation of the hip, a degree of mobilization 
greater than that achieved with the anterior approach 
may be required. 
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Operative Technique 



Equipment of the Theatre, Position 
of the Surgeon 



A standard operating theatre can be used, without any 
special requirements. It is necessary to use additional 
devices for illumination, and a head-mounted lamp for 
the surgeon is sufficient. 

The operation is conducted with the surgeon in the 
standing position on the side of the affected hip and the 
first assistant above or cranial to that position. The sec- 
ond assistant stands on the opposite side. During stem 
preparation, the surgeon and the first assistant can 
change places as necessary. The scrub nurse is posi- 
tioned at the foot of the operating table. 




O Fig. 7.1. Position of the patient on the operating table after draping 
with both legs draped free 



Specialized Instruments 



Retractors,. To facilitate retraction and visualization, 
each instrument should be bent at the level of the skin as 
they exit from the wound, and the bend should approxi- 
mate 90°. Fortunately, the thickness of soft tissue in the 
area of the approach does not demonstrate a high degree 
of variability. Even very obese patients do not have a 
thick subcutaneous fat layer in the area of this approach; 
otherwise it would be difficult for them to sit. Typically, 
one size of retractors is sufficient to handle patients of 
varying body habitus. 

Oscillating Saw, A standard-size saw is too bulky in this 
minimally invasive approach. A small electric oscillating 
saw permits an osteotomy with adequate visualization. 
Curved Acetabular Reamer Handle and Cup Inserter* They 
are not necessary, but the curvature of the instruments 
reduces the pressure and tension exerted on the skin. 
Curved Broach Handle, Intra-Medullary Plug Inserter 
and Stem Holder, Without these curved instruments, 
femoral canal preparation and stem implantation may 
be impossible. In cemented stems, a curved or flexible 
intramedullary plug inserter is necessary. 

Patient Position 



The patient is placed in the supine position on the oper- 
ating table without any support placed under the pelvis. 
Draping of the pelvis and both legs is required to accom- 



modate the leg positioning used during the procedure. 
Preparation of the femoral canal requires a position 
where the operative leg is placed in external rotation and 
adduction behind the opposite leg (known as the figure- 
4 position). The draping of the legs must be sufficiently 
flexible to permit such movement. The anus and genitals 
are covered by a drape, and after prepping, both legs are 
placed in impervious sterile stockings up to the proxi- 
mal aspect of the patella. A bilateral self-adhesive hip 
drape is used to cover the trunk and the genitals. Both 
anterior superior iliac spines (ASIS) remain uncovered 
to permit identification of the anatomic landmarks used 
during cup positioning. A self-adhesive drape is placed 
on each leg in order to fix the position of the drapes. 
After draping, the index hip is fully flexed to verify prop- 
er draping ( OFig. 7.1). 

Pre-Operative Planning 



It is important to perform thorough pre-operative plan- 
ning. For the acetabulum, the depth of reaming with 
relationship to the acetabular fossa must be determined. 
The acetabular fossa can be clearly recognized on pre- 
operative X-rays and intra-operatively in the acetabu- 
lum. If it is planned to ream deeper, the relation between 
the reamer and the acetabular rim can be determined as 
soon as the reamer has reached the fossa. Then the dis- 
tance between the acetabular rim and the end of the 
reamer can be determined, which will diminish with 
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further reaming. Also the approximate size of the 
implant can be determined. 

The resection plane of the femur should be deter- 
mined using the junction between the neck and 
trochanter and the lesser trochanter as landmarks. The 
size of the implant is important, as well as the distance 
between stem shoulder and the tip of the greater 
trochanter, in order to determine reconstruction of the 
leg length. 

Skin Incision 



The success of this approach is dependent on the exact 
positioning of the skin incision. The intermuscular 
space can easily be palpated. This space is formed by the 
muscles medial to the approach - the sartorius and 
femoral rectus which originate from the ASIS and the 
AIIS (anterior inferior iliac spine) - and the muscles lat- 
eral to the approach - tensor fasciae latae and medial 
gluteus - which originate from the lateral surface of the 
iliac wing. Abduction and external rotation of the hip 
will lateralize the lateral musculature and decrease tis- 
sue tension in the intermuscular space, facilitating pal- 
pation. 

The incision starts two finger breadths below the 
ASIS and follows the intermuscular space. A skin inci- 
sion placed too medial can cause damage to the lateral 
femoral cutaneous nerve. An incision placed too lateral 
will reduce this risk as well as the pressure on the skin 
during femoral preparation (O Fig. 7.2). Alternatively, a 
skin incision parallel to the inguinal skin fold will result 
in a better cosmetic result and make the approach to the 
femoral canal easier on the surgeon and the soft tissues. 
However, this incision will cross the branches of the lat- 
eral femoral cutaneous nerve, and place undue tension 
on these branches resulting in a high likelihood of 
paresthesias of the anterior and lateral skin of the thigh. 
If patients wish to receive this optimal scar with regard 
to cosmetics, the increased risk of nerve damage must 
be discussed pre-operatively with the patient. 

The length of the skin incision depends on the 
expected size of the acetabular component (□ Fig. 7.3). 
The skin can also be stretched, but the more the skin is 
stretched, the more likely a wound-healing problem will 
result. Ideally, there is an optimal balanced solution with 
regards to the goal of minimal damage to the patient 
with minimal incision length. 




D Fig. 7.2. Skin incision in relation to the sartorius and tensor fasciae 
latae muscle originating at the ASIS. The incision starts between both 
muscles about two finger breadths below the ASIS. The branches of 
the lateral femoral cutaneous nerve must be preserved 




P Fig. 7.3. Calculation of the length of skin incision. A hemispherical cup 
inserted as shown in the figure requires a circumference of U = 2 r+ m. 
The same circumference can be created by a longitudinal incision of the 
length L - (2 r + rn)/2. For following cup diameters the corresponding 
incision lengths are 44-57 mm, 54-69 mm, 64-82 mm. With an error of 
only 3% the formula L = cup diameter + cup diameter/4 can be applied, 
e.g.for a 54 mm cup: L = 54 + 54/4 = 67.5 mm incision length 



Muscle Dissection 



After dissection of subcutaneous fat, which is normally 
quite thin, the fascia appears in the incision. Palpation of 
the structures is repeated at this point and the fascial sep- 
aration is made at the site of the intermuscular space or 
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□ Fig. 7.4. The deep layer of muscles (rectus and medial gluteal mus- 
cle) is retracted.The lateral circumflex vessels appear in a fat layer cov- 
ering the capsule and are ligated and resected 



The capsulotomy is carried out using an H-shaped inci- 
sion. This step starts with a longitudinal incision of the 
capsule anterior and longitudinal to the femoral neck. 
Then, the proximal incision is completed along the acetab- 
ular rim. The labrum or remnants of it are resected as well. 
It is not recommended to expose the space between the 
medial capsule and the psoas tendon, because bleeding 
can occur. The third incision is placed at the attachment of 
the capsule to the femur at the intertrochanteric line. 

The joint is now exposed and by rotating the leg, a 
clear view can be achieved. The femoral neck is prepared 
with a Cobb, and the medial inferior and lateral proximal 
retractors are removed and repositioned on the medial 
and lateral aspect of the femoral neck inside the capsule. 
It is recommended that optimal femoral neck exposure is 
accomplished, especially the posterior aspect, to facilitate 
removal of the femoral neck disc as described below. 



is slightly lateralized to provide greater protection of the 
lateral femoral cutaneous nerve. The fascia is split with 
either a scissors or by blunt finger dissection. The inter- 
muscular space can be easily developed by blunt dissec- 
tion until the capsule can be palpated. This preparation 
should be completed without force in order not to dam- 
age the lateral circumflex vessels within the operative 
field. A blunt retractor is placed laterally on the capsule 
proximal to the greater trochanter. A second retractor is 
placed around the greater trochanter. The medial muscu- 
lature is retracted out of the field. The capsule is exposed 
and the lateral circumflex vessels are either cauterized or 
ligated, depending on the size of the vessel (□ Fig. 7.4). 

Capsule Preparation and Femur Mobilization 



With a Cobb elevator, the space between the rectus and 
vastus intermedius muscles on the one hand, and the 
femur on the other hand is prepared, and then a third 
Hohmann retractor is placed just proximal to the lesser 
trochanter on the medial side of the femoral neck. Then, 
the reflected head of the rectus, which forms a second 
anterior layer of the capsule close to the acetabular rim, 
is cut with the cautery. The origin of the rectus from the 
AIIS, however, remains intact. The Cobb is used again to 
prepare the space between the origin of the rectus ten- 
don above, and the capsule and superior acetabular rim 
below. 



Removal of the Femoral Head 



The femoral neck is osteotomized with two parallel cuts, 
using a small oscillating saw, producing a bone disc. This 
disc, approximately 1 cm thick, is removed first to facili- 
tate the removal of the femoral neck prior to removal of 
the femoral head through this minimally invasive inci- 
sion. This procedure not only makes removal of the 
femoral head easier but also reduces the risk of a 
femoral or sciatic nerve lesion due to reduced tension on 
the nerve during the dislocation procedure. 

The cranial osteotomy is completed first, otherwise 
the proximal bone fragment would move excessively, fol- 
lowed by the second osteotomy which should be placed 
exactly where the femoral neck resection was planned. A 
40°- to 45°-resection plane can be determined easily under 
direct visualization of the neck from the anterior field. The 
greater trochanter as well as the lesser trochanter can be 
palpated with a forceps. The femoral neck-bone disc is 
mobilized, using a Cobb elevator, and removed, using a 
blunt forceps. Then, the femoral head is removed, using 
an elevator or a corkscrew instrument ( OFig. 7.5). 

If the surgeon encounters any difficulty removing 
the femoral head, the proximal capsular incision may 
need to be enlarged or remaining labrum may be 
restricting the extraction. In some cases, removal of 
anterior osteophytes or a thickened femoral head liga- 
ment may be required. At this point, the femur is usual- 
ly sufficiently mobile so that it can be rotated in both 
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D Fig. 7.5. After an H-shaped capsulotomy, two retractors are placed 
around the femoral neck, one retractor in front of the acetabulum and 
the other below the greater trochanter. Two cuts with an oscillating 
saw create a femoral neck disc which can then be removed. By this pro- 
cedure, enough space is created to remove the femoral head 

directions, the posterior attachments of the capsule to 
the femur can be resected and the femoral head can be 
removed from the field. 

Cup Preparation 



After removal of the femoral head, satisfactory exposure 
of the acetabulum is facilitated through the use of four 
properly placed retractors (O Fig. 7.6): 

Medial anterior - the retractor on the superior 
acetabular rim. The previously cleared capsule per- 
mits the surgeon to easily place this retractor. 

Medial posterior - the retractor is placed either 
behind an osteophyte or the medial rim of the 
acetabulum, behind the transverse ligament. 

Lateral anterior - the retractor lies at the anterolat- 
eral acetabular rim. 

Posterior - the double-pronged retractor is placed 
with the tips behind the posterior rim of the acetab- 
ulum. As the posterior capsule has not been resected, 
it may be necessary to fashion a small rent in the 
capsule at this location to permit satisfactory cap- 
ture of the retractor. 

The acetabular fossa is cleared of soft tissue and osteo- 
phytes, and acetabular cysts are bone-grafted. Reaming is 




OFig. 7.6. With four retractors placed around the acetabulum, the 
exposure of the surgical field compares favorably to traditional open 
approaches 



conducted with a curved or cranked reamer handle. Cau- 
tion should be taken not to press the reamer too much 
against the posterior wall. The fossa is the best landmark 
for determining the depth of preparation during reaming. 
After reaming, the cementless cup is press-fit into posi- 
tion. In those cases in which a cemented cup is implanted, 
the bony bed is prepared in accordance with third-gener- 
ation cementing techniques, including the use of anchor 
holes, pulsatile lavage and cement pressurization. 

Stem Preparation 



The capsular attachment to the femur has already been 
resected and should be re-checked to ensure appropriate 
femoral mobility. The proximal femur is elevated out of 
the field with a bone hook so that the greater trochanter 
is pulled laterally and anterior. The leg is placed in a fig- 
ure-4 position, in 90° external rotation and slight adduc- 
tion. Excessive adduction places undue stress on the 
medial gluteal muscle. A modified straight femoral ele- 
vator is placed behind the greater trochanter. The retrac- 
tor is pressed down with caution to avoid excessive pres- 
sure on the greater trochanter which is levered out of the 
wound. The retractor is placed lateral to the iliac bone 
and the space in front of the retractor forms a working 
canal for stem preparation. Two retractors are placed lat- 
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*3 Fig. 7.7. The femur is pulled out of the wound with a bone hook. A 
specially designed retractor is placed behind the greater trochanter. 
This retractor is kept in an oblique direction and compresses and pro- 
tects the soft tissue during preparation of the femur. Two additional 
retractors keep the soft tissue medial and lateral, respectively 

eral and medial to the femur, so that the resection plane 
is completely free as depicted in OFig. 7.7. If the femur 
is not mobile enough, especially when the leg is posi- 
tioned in a figure-4 position, the internal obturator ten- 
don can be incised. This step is usually sufficient, so that 
all the other external rotators, including the piriformis 
and all gluteal muscles, can remain intact. 

The further stem preparation is completed as is done 
in a traditional approach. The femoral canal is opened 
with a sharp trochar and broaching is completed as rec- 
ommended for the particular prosthesis to be implant- 
ed. Relocation of the hip with a trial head on the broach, 
determination of leg length, verification of a satisfactory 
stem position, assessment of the stability of the con- 
struct through a range of motion, dislocation and stem 
implantation and relocation are completed as with the 
traditional approach. 

Wound Closure 



After relocation of the femoral head in the acetabulum 
with the final implants, a full range of motion is per- 
formed to verify the stability of the construct and to 
ensure that there is no soft-tissue interposition between 
the cup and the head. Capsular closure can be complet- 
ed with two or three strong stitches. Wound drainage 



can be placed in front of the capsule. The fascia is 
sutured with running sutures while avoiding the branch- 
es of the lateral femoral cutaneous nerve. The subcuta- 
neous tissue is closed with interrupted sutures and the 
skin is closed with a subcuticular suture. 

Challenges 



Femoral mobilization is critical to provide sufficient 
access to the femoral canal during preparation of the 
canal for implantation. The proximal femur must be posi- 
tioned anteriorly with slight adduction. There are three 
major potential obstacles to satisfactory mobilization: 
Capsule. The capsule can be thought of as a fibrous tube 
which has some rigidity due to the three-dimensional 
arrangement of its fibers. This rigidity is accentuated 
with the scarring that accompanies an arthritic hip joint. 
As long as capsular fibers remain intact, the proximal 
femur will rotate around the intact fibers. Mobilization 
of the femur anteriorly is therefore combined with a 
more medial and cranial position. This mobilization is 
facilitated with resection of all of the anterior, medial 
and lateral capsular attachments to the femur. Those 
capsule fibers which are attached to the acetabular rim 
can remain relatively intact with only the anterior por- 
tion of the H-shaped capsulotomy being necessary. 
External Rotators. The external rotation of the figure-4 
position stretches these structures, and anterior dis- 
placement of the femur will produce additional medial- 
ization of the proximal femur. We have found that the 
internal obturator tendon can be an impediment to 
femoral mobilization. The orientation of the other exter- 
nal rotators has not been found to significantly hinder 
the anterior movement of the femur. 

Gluteal Muscles. Usually, these muscles do not hinder 
femoral mobilization. A femoral elevator can be placed 
behind the greater trochanter for appropriate position- 
ing while the gluteal muscles are preserved. 

Risks and Sources of Complications 



The lateral cutaneous femoral nerve (LCF nerve) 
enters the thigh medial to the ASIS and typically divides 
into 4 or 5 branches. The branches demonstrate variabil- 
ity, therefore there is no zone for the skin incision that is 
completely safe. However, the more lateral the skin inci- 
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sion is located, the less likely is the risk of a nerve lesion. 
We recommend a longitudinal skin incision, slightly lat- 
eral to the entrance to the intermuscular space. If a 
branch of the nerve is detected, it is sometimes possible 
to mobilize the branch and to suture a layer of subcuta- 
neous fat tissue around the mobilized and displaced 
branch, in order to protect it against pressure during the 
further procedure. On rare occasions, the course of one 
of the branches crosses the operating field and must be 
ligated and cut. The consequence of a lesion of the LCF 
nerve is either a neuropathy or anesthesia in an area of 
the anterior or lateral thigh, or both. Anesthesia is usu- 
ally not a long lasting problem; the patient becomes 
accustomed to it. In neuropathy, infiltration of the nerve 
can help. The femoral nerve is well protected by the sar- 
torius, the rectus and iliopsoas muscles. The sciatic 
nerve is out of the surgical field and is not endangered. 



In patients with significant osteoporosis, the femoral 
retraction during canal preparation could result in a 
fracture of the greater trochanter which, if small, could 
be ignored or could be fixed with the use of two cables 
through the same approach. 

Salvage Procedures 



Femoral stem fissure: A fissure of the femoral shaft can 
also be addressed by the use of circumferential cables. If 
the fissure continues distal to the incision, an addition- 
al skin incision 8 cm in length and placed laterally is 
more sensible than to lengthen the original approach. 
The vastus muscles form a thick layer of muscles, which 
gets thicker the more the anterior incision is extended 
caudal. 
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Introduction Patients 



The concept of less invasiveness has become an estab- 
lished aim of all surgeons in the orthopedic community. 
Various attempts have been made to discover the most 
suitable technique for minimally invasive hip arthro- 
plasty [1-3]. Even though there is no universally accept- 
ed definition of minimal invasiveness, its focus is clear- 
ly to minimize soft-tissue trauma and accelerate soft-tis- 
sue regeneration [4]. 

Before the promise of reducing soft-tissue trauma 
can be fulfilled, the surgeon must get through three dif- 
ferent layers: the skin, the muscles and the joint cap- 
sule, not to mention nerves and vessels within in order 
to exposure the hip joint. An optimal approach should 
therefore deliver a short skin incision, omit muscle 
splitting and/or detachment and preserve the joint cap- 
sule. 

To reach this goal, several issues have to be 
addressed. First, the skin incision should be kept as 
short as possible. Next, there should either be none or as 
little muscle splitting and detachment as possible. The 
joint capsule should be preserved and there should be 
an unrestricted view onto the acetabulum and the 
entrance into the femoral medullary canal. 

We hypothesized that a single-incision anterior 
approach for hip arthroplasty could uphold the premis- 
es of minimal invasiveness. Further on, we wanted to 
know whether this approach can be safely performed 
und whether there are possible advantages compared to 
traditional approaches. In the following, we present the 
data on our single-incision direct anterior approach for 
total hip arthroplasty. 



One hundred consecutive patients who underwent total 
hip arthroplasty via the minimally invasive single-inci- 
sion anterior approach were prospectively followed for 
at least 12 weeks. No exclusion criteria were applied, nei- 
ther weight, height, age, gender, previous hip surgery nor 
secondary osteoarthritis. We enrolled 52 female and 48 
male patients, median age was 65.6 years. Total hip 
arthroplasty was performed on 50 right and 50 left hips. 
A body mass index (BMI) >30 was found in 19 patients, 
BMI 25-29.9 in 35 patients, BMI 18.5-24.9 in 43 and BMI 
<18.5 in 3 patients. 

Five patients suffered from osteoarthritis secondary 
to avascular necrosis of femoral head, and two patients 
had osteoarthritis secondary to dysplasia. One patient 
had osteoarthritis secondary to juvenile septic arthritis 
of hip joint. Three patients had undergone surgery for 
dysplasia of the hip (one Chiari pelvic osteotomy, one 
Ganz pelvic osteotomy, one intertrochanteric varus 
osteotomy). Two patients had non-displaced medial 
fractures of the femoral neck. 

Surgical Technique 



The patients were placed in the supine position on the 
operating table. This created a predictable stability. No 
sandbags were used to push the hip forward. The anteri- 
or superior iliac spine was palpated and the gap between 
the tensor fasciae latae and the sartorius muscle identi- 
fied. The incision started 3-4 cm distal to the anterior 
superior iliac spine and followed the anterior border of 
the tensor fasciae latae muscle. The length of skin incision 
was approximately as long as half the circumference of the 
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cup to be inserted. We carefully dissected down through 
the subcutaneous fat, making sure to avoid cutting the lat- 
eral femoral cutaneous nerve. Next, the deep fascia on the 
medial side of the tensor fasciae latae was incised. The 
anterior capsule of the hip could then be identified by 
blunt dissection. A blunt-tipped curved special retractor 
was placed laterally around the capsule, overlying the 
neck of the femur, and a special sharp-tipped curved 
retractor was placed around the innominate tubercle of 
the greater trochanter. The sartorius muscle was retract- 
ed medially. Care had to be taken not to pull too hard in 
order to avoid the risk of bleeding from the ascending 
branches of the lateral femoral circumflex vessels. These 
vessels were carefully suture ligated or electrocoagulated. 

The medial capsule of the femoral neck which is cov- 
ered by the rectus femoris muscle and fatty tissue was 
bluntly exposed. The rectus femuris muscle was medially 
retracted by a sharp-tipped curved special retractor. The 
rectus femoris originates from two heads: the direct head 
from the anterior inferior iliac spine, and the reflected 
head from the superior lip of the acetabulum as well as 
the anterior capsule. The origin between these two heads 
had to be transected. Then the hip was slightly bent and 
the sharp-tipped curved retractor was placed from the 
anterior rim of the acetabulum medial to the origin of the 
rectus femoris at the anterior inferior iliac spine. The 
exposed hip joint capsule was incised using an H-shaped 
capsular incision. Next, the curved retractors were placed 
within the hip capsule. The capsule was detached at the 
inter-trochanteric line as far to the medial and lateral side 
as possible, thereby clearing the junction between the 
anterior surface of the neck and the shaft. The lesser 
trochanter and the junction between femoral neck and 
greater trochanter were palpated to facilitate orientation 
for osteotomy of the neck ( Q Fig. 7.8). 

The femur was rotated into a neutral position and 
the femoral neck cut with an oscillating saw according to 
pre-operative templating with the patient’s radiographs. 
The level of the femoral cut varied, depending on the 
anatomy of the femoral neck. A corkscrew extractor was 
screwed in and the head removed. Occasionally, the head 
had to be fragmented and removed in piecemeal fash- 
ion. The retractor was left on the anterior acetabular rim 
in place and the others were removed. 

The sharp-tipped curved retractor was placed 
around the transverse acetabular ligament which was 
sometimes ossified and part of an inferior osteophyte. A 
second sharp-tipped curved retractor was placed on the 




BFig.7.8. a Sketch illustrating the view of the acetabulum during the 
minimally invasive single-incision anterior approach, b Patient, female, 
72 years, view of the acetabulum during the minimally invasive single- 
incision anterior approach 

lateral ilium and a two-pronged acetabular retractor 
inserted under the bony rim of the inferior acetabulum. 
Next, the remnants of the acetabular labrum were 
excised and the depth of the acetabular fossa defined. 
Any overhanging osteophytes were excised and synovec- 
tomy performed. No capsulectomies were performed. 

Since acetabular exposure was excellent and the posi- 
tion of the pelvis could be easily palpated on the table, ori- 
entation by direct visualization proved quite simple. Soft 
tissues were removed from the acetabulum with curettes 
and rongeurs. The acetabulum was reamed down to the 
subchondral bone, using angulated reamers designed to 
protect soft tissue. Cemented as well as cementless cups 
were used. From this anterior position, it was easy to 
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D Fig. 7.9. a Sketch illustrating view of entry into the femoral canal dur- 
ing the minimally invasive single incision anterior approach, b Patient, 
male, 57 years, view of the entry of the femoral canal via minimally 
invasive single-incision anterior approach 



establish the exact anteversion which was kept at approx- 
imately 15-20° and corresponded to normal anatomy. 

A bag was placed under the proximal thigh and the 
entrance of the medullar channel was brought to the lev- 
el of skin incision by pulling the calcar up with a hook 
( DFig. 7.9). Then capsulotomy was performed at the 
greater trochanter. The two-pronged femoral retractor 
was placed around the greater trochanter and the femur 
externally rotated and positioned in a figure-4 position. 
If necessary, the tendons of the internal obturator and 
gemelli had to be released near their insertion on the 
medial side of the trochanter. In such instances, no reat- 
tachment was carried out. Following this, rasping of the 




O Fig. 7.1 0. a Patient, male, 43 years, osteoarthritis secondary to avas- 
cular necrosis of the femoral head, minimally invasive total hip arthro- 
plasty utilizing a cementless technique, b Patient, female, 73 years, pri- 
mary osteoarthritis, minimally invasive total hip arthroplasty utilizing a 
cemented technique 

femoral shaft was started, using angulated rasps. After 
determining the proper size, a permanent, either 
cemented or cementless, prosthesis was inserted into the 
femur. After final reduction, capsular repair was per- 
formed using reefing sutures and reattachment at the 
acetabular rim. 

The Accolade femoral system was used in 59 patients 
and the ABG II cemented femoral system in 41 patients. 
The Trident acetabular system using a crosslink polyeth- 
ylene inlay was implanted in 66 patients, an All-poly cup 
was used in the other 34 patients. Implantation tech- 
nique was cementless in 52 patients (□ Fig. 7.10a), 
cemented in 28 (□ Fig. 7.10b) and hybrid in 20 patients. 
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The choice of implantation technique was based on sub- 
jective estimation of bone quality during surgery. 

Results 



Median and mean (SD) operating time was 105 (±33) 
min (range 61 to 270 min). The learning curve showed a 
decline in the moving average (10 patients) from 125 to 
86 min (OFig. 7.11). 

Three intra-operative complications occurred, but 
were not considered to be caused by the surgical 
approach: one perforation of the inner cortex of the 
osteoporotic acetabulum, one avulsion of the tip of the 
greater trochanter and one fissure of the proximal shaft. 
The perforation of the inner cortex of the acetabulum 
was treated by an enforcement ring through the same 
approach. The tiny trochanteric fragment was excised 
since it was considered too small for reattachment. The 



learning curve 




O Fig. 7.11. Dot plot of operating times and trend curve (learning 
curve) based on the moving average of 10 patients 



fissure went unnoticed intra-operatively until subsidiza- 
tion became apparent on post-operative radiograph, 
upon which revision surgery was performed by the ante- 
rior approach. The Accolade femoral component was 
exchanged for a cemented ABGII prosthesis and the 
proximal femoral stem was secured by cerclage through 
the same approach. 

Blood was collected in the cell saver for 93 patients. 
Median (mean, SD) re-transfused blood was 160 ml 
(200±210) range 0-900 ml. Collected blood was given in 
61 patients, in 32 patients the amount of collected blood 
was considered too little to justify re-transfusion. In 
addition, 23 patients received autologous and 3 patients 
homologous transfusions with an average of 1 13 ml (0 to 
5 erythrocyte blood concentrates). Blood loss was 
assessed, using the methods of Rosencher et al. [13]. 
When compared to their results on primary 1122 hip 
replacements with a median blood loss of 1944 ml (SD 
±1165 ml), the blood loss of a median 1566 ml (SD 
±1041 ml) calculated for our sample was 25% less. This 
difference is highly significant ( p <0.01). 

Naproxen was given for 14 days to prevent heterotopic 
ossification and additionally served as pain medication. 
Post-operative opioids were given routinely on the day 
of operation. On the first post-operative day, however, 
opioid therapy was only necessary in five patients. 

Despite prophylaxis, one patient developed exten- 
sive, motion-limiting heterotopic ossification. There 
were no dislocations or nerve palsies. One patient devel- 
oped thrombosis of the fibular vein. 

Patients were discharged from the hospital an average 
of 4 days earlier than patients receiving standard conven- 
tional total hip arthroplasty (reduction of 36%). Delayed 
wound healing, located at the distal edge, occurred in three 
patients, and was due to the fact that only straight reamers 
were available at the beginning of the study. Nevertheless, 
no revision surgery was needed, since all wounds healed 
by granulation and epithelialization within 4 weeks. 

One case of deep infection evolved during the first 3 
months; the patient refused to undergo revision surgery 
at our department. 

The WOMAC score was assessed before and 6 weeks 
after surgery. Seventy-eight patients had completed the 
WOMAC score at the 6-week follow-up. An improvement 
could be deduced from the median score (mean ± SD) of 
43 (43.8±19.2) to 90.4 (87.9±11.6). The median (mean ± 
SD) pain sub-score at 6-week follow-up was 97 
(90.3±15.6). 
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Q Fig. 7.1 2. Patient, female, 61 years, scar at 6-week follow up 



At the 6-week follow-up, scars measured a median 
(mean, SD) of 6.75 cm (7.09±1.66) in length, ranging 
from 4.5 to 11.5 cm. Scar length was 83% (87±19.4) of 
half the circumference of the cup. Photographs of the 
scars (O Fig. 7.12) were available in 68 patients and were 
assessed according to Beausang et al. [10]. Based on 
these images, the median scar quality was rated as 5.9 
points (5.7± 1.4) range 4.05 to 9.45 on a scale of 4 (best) 
to 24 (worst). On a scale of 0 to 100%, this converted to a 
median of 8.8% (9.4±1.4%), range 0 to 30. 

At the 3-month follow-up, there were no leg-length 
discrepancies >1 cm in 97 patients. A leg-length inequal- 
ity of > 1 cm and <2 cm was seen in three patients. In two 
of these three patients, the leg-length discrepancy was 
the same as before surgery, thus there was only one case 
of true elongation. 

Radiographs were assessed at 3-month follow-up. 
The median inclination angle was 44.1° (43.5±6.34), 
range 31°-58°. Median alignment of the femoral compo- 
nent was 0° (0.6° varus ±1), range 3° valgus to 5° varus. 
There was one case of subsidization, which was due to a 
fissure of the proximal femur and had to be revised. Four 
patients expressly complained of numbness in the later- 
al thigh. 

Discussion 



The aim of minimal invasive surgery is to reduce soft- 
tissue trauma and thereby operative blood loss, post- 
operative pain, and hospitalization time while speeding 



post-operative recovery and improving the cosmetic 
appearance of the surgical scar [4]. To properly prevent 
soft tissue trauma, minimal invasiveness must apply to 
skin, muscles, joint capsules and to the nerves and ves- 
sels contained therein. 

Minimally invasive hip arthroplasty using an anteri- 
or approach can be accomplished through an incision 
about half the size of the cirumference of the cup to be 
inserted. As exceedingly small incisions tend to be 
stretched during the procedure, the length of the post- 
operative scar is the only valid measure. 

The anterior approach has been reputed to produce 
unfavorable scars. This statement is not consistent with 
our own observations and experience. There is only one 
truly intermuscular and internervous plane of dissec- 
tion to access the hip joint, and it lies anteriorly between 
the tensor fasciae latae and sartorius muscle and gluteus 
medius/minimus and rectus femoris muscles [14-17]. 
Anatomically, all other classical approaches to the hip, 
e.g. anterolateral, lateral, posterior and medial, are either 
intermuscular or internervous. 

With our minimally invasive single-incision direct 
anterior approach for total hip arthroplasty, perfect 
exposure of and view onto the acetabulum can be 
expected. The presumption was that, through a small 
incision, it would be impossible to sufficiently lever out 
the femur to implant the femoral component and that 
visibility would be insufficient. This attitude has led to 
double-incision approaches and the use of fluoroscopy 
[1]. In our judgment, there is no need for a second inci- 
sion or muscle splitting. Nevertheless, exposure of the 
entrance of the medullar canal demands meticulous 
detachment of the capsule on the femur, eventually 
involving partial tenotomies of the obturator internus 
and gemelli tendons. For this purpose, good anatomical 
knowledge of muscle attachments on the greater 
trochanter is mandatory [18-20]. In addition, special 
retractors facilitate the maneuver. 

Moreover, these double approaches were restricted to 
slim and non-athletic patients. We have successfully 
implanted hip prostheses via a single incision by the 
minimally invasive approach even in very obese persons 
who tend to have less fat in the flexion crease overlying 
the hip joint. Capsular repair by the minimally invasive 
single-incision anterior approach is a feasible procedure. 

Both cemented and cementless devices can be used 
on the acetabular side as well as on the femoral side. 
Acetabular reaming and cup placement may be facilitat- 



